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ABSTRACT 
 
Thicket degradation within the Addo Elephant National Park (AENP), Eastern Cape, 
South Africa is a key issue of concern. The increasing elephant densities have over 
time threatened thicket vegetation, which is endemic to this area. The “elephant 
problem” within the Park has raised many concerns as to the vulnerability of thicket 
to elephant impacts. Remote sensing provides an environment in which temporal 
changes in thicket vegetation condition can be assessed. The main aim of this study 
was to assess temporal and spatial trends in thicket degradation within the AENP, 
using multi-temporal satellite imagery. 
Elephant induced thicket degradation was assessed using multi-temporal satellite 
imagery from between 1973 and 2010. Changes in thicket condition in relation to the 
AENP expansion were analysed using the Normalized Difference Vegetation Index 
(NDVI), post-classification and landscape metrics. The ‘per-pixel’ based classification 
approach was carried out and change detection of land cover classes was analysed 
by post-classification. Landscape spatial metrics were used in order to gain an 
understanding of vegetation fragmentation trends. Temporal changes in vegetation 
gradients in relation to water points and thicket condition within the botanical 
reserves were also assessed. 
Thicket condition was noted to deteriorate as the AENP expanded. An expansion of 
degraded vegetation away from the water points was identified during the study 
period. Thicket condition in botanical reserves 1 and 2 fluctuated over time, with a 
registered increase in intact thicket within botanical reserve 2, with botanical reserve 
3 remaining constant. Landscape spatial metric analyses revealed evidence of 
increased vegetation fragmentation as new areas of the AENP were opened for 
elephant activity. A progressive decline in intact thicket and increase in degraded 
thicket were observed. Considering the current elephant densities, thicket 
degradation within AENP is set to continue, causing a continued threat to the thicket 
biome. 
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CHAPTER 1: INTRODUCTION 
1.1 Introduction 
 
Throughout Africa, the regulation of Loxodonta africana (African elephant), is an 
issue of concern in many conservation areas. The Addo Elephant National Park 
(AENP), in the Eastern Cape is no exception, where plant communities and species 
richness are severely impacted by elephant densities (Lombard et al., 2001). The 
AENP is the only National Park in South Africa that contains succulent thicket and 
this species is endemic to the Eastern Cape (Lombard et al., 2001). Habitats within 
the Park are severely transformed by these megaherbivores (Gough and Kerley, 
2006). High elephant densities result in the alteration of structural, positional and 
functional diversity of ecosystems (Baxter and Getz, 2005). These megaherbivores 
are destructive foragers (Duffy et al., 2002) and impact the dynamics of thicket, 
(Boshoff et al., 2002) making thicket vulnerable to elephant damage (Duffy et al., 
2002). Elephant densities have remained above the recommended carrying capacity 
since the AENP was fenced in 1954 (Kerley and Landman, 2006), resulting in severe 
and continual degradation of thicket (Cowling and Kerley, 2002). 
Remote sensing data has over time become useful in monitoring change in 
vegetation (Campbell, 2006), providing a consistent measure of landscape condition 
(Kennedy et al., 2008). Change detection as defined by Lillesand and Kiefer (2000) 
uses multi-temporal data sets to differentiate areas of land cover change at different 
times of imaging (Lillesand and Kiefer, 2000). Insight into the drivers and stressors of 
vegetation change can be detected by long-term monitoring, using multi-temporal 
imagery (Kennedy et al., 2008). Vegetation indices (VIs) and land fragmentation are 
techniques used to monitor changes in vegetation. One of the most commonly used 
vegetation indices is the Normalized Difference Vegetation Index (NDVI) (Campbell, 
2006). Landscape fragmentation analysis enables change in land cover classes to 
be detected based on qualitative data (Weiss et al., 2004 and Kennedy et al., 2008). 
NDVI and landscape fragmentation both provide the essentials necessary to detect 
change in vegetation condition (Weiss et al., 2004; Kennedy et al., 2008; Teng et al., 
2008; Verbesselt et al., 2010).  
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The distribution and variations in vegetation composition can be detected by multi-
temporal remote sensing (Weiss et al., 2004). Multi-temporal imagery can detect, 
monitor and classify changes in vegetation cover, aiding the management of natural 
resources (Verbesselt et al., 2010). Multi-temporal data are remotely sensed data 
that have the same spatial and spectral resolution, of the same geographic area and 
acquired at different times by the same sensor. Image analysis such as change 
detection of land cover changes requires multi-temporal data as an essential 
component (Gao, 2009). In the present study, trends in elephant induced thicket 
degradation are monitored. The main purpose of this study is therefore to fill the 
spatial and temporal dynamics gap of thicket degradation within the AENP, using 
multi-temporal imagery.  
1.2 Research Problem 
 
The AENP is dominated by succulent thicket (Hoffman and Cowling, 1990), but this 
species has for many years been severely threatened by elephant densities. 
Succulent thicket is of particular conservation importance as it is endemic to the 
Eastern Cape (Cowling and Kerley, 2002). Kerley and Landman (2006) suggest that 
the elephant problem within the Park requires urgent attention in order to understand 
and to deal with the problem. 
   
The AENP was established in 1931to protect the remaining elephant population of 
11 individuals. In 1954 the AENP was securely fenced to enclose the elephant herd 
of 22 in an area of approximately 23.3 km2. The population subsequently expanded 
to now over 450 individuals, necessitating the expansion of area available to 
elephants (Kerley and Landman, 2006). The AENP has been expanded six times (in 
1955, 1977, 1982, 1984, 1994 and 2000) and now exceeds an area of 250km2 
(Kerley and Landman, 2006). The carrying capacity of the AENP has been exceeded 
by elephant numbers throughout its history (Cowling and Kerley, 2002), hence 
causing considerable elephant impacts and widespread damage. Various areas 
within the AENP have been fenced off as botanical reserves providing “witness 
stands” and to protect diversity from elephant impacts (Kerley and Boshoff, 1997). 
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Remote sensing techniques using satellite imagery can detect changes in vegetation 
over a vast area and over periods of time (Campbell, 2006). In this study, multi-
temporal imagery is used to monitor thicket degradation by elephants over time. 
Multi-temporal imagery is used to analyse thicket degradation as new areas of the 
AENP were opened. 
1.3 Hypothesis 
 
In this study, it is hypothesised that thicket degradation has spread as new areas of 
the AENP opened for elephant grazing and thicket condition in botanical reserves 
has remained constant over time. The hypothesis is illustrated in Figure 1.1 below: 
 
 
Figure 1.1: Elephant impacts on thicket degradation as new areas of the AENP were 
opened. 
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1.4 Research Aim 
 
The purpose of this study is to assess temporal and spatial trends in thicket 
degradation by elephants within the AENP, using multi-temporal satellite imagery. 
1.5 Specific Objectives  
 
1. To analyse the changes in thicket vegetation condition in relation to the 
sequential expansion of the AENP.   
2. To assess vegetation gradients in relation to water points. 
3. To establish whether the botanical reserves provide a constant benchmark for 
pristine thicket vegetation condition. 
1.6 Research Questions 
 
1. Have elephant impacts on thicket vegetation expanded as new areas of the 
AENP were opened for elephant activity? 
2. How has the vegetation gradient changed away from water points? 
3. Could botanical reserves provide a consistent benchmark for pristine thicket 
vegetation condition? 
1.7 Chapter Outline 
1.7.1 Chapter 1: Introduction 
 
In this chapter, research background is provided, highlighting thicket degradation by 
elephants.  A general perspective of elephant impacts on vegetation degradation is 
provided. The impact of elephant densities in the AENP is highlighted. The research 
problem, aim of the study, specific objectives and hypothesis are provided. 
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1.7.2 Chapter 2: Study Area 
 
This chapter provides background to the study area’s physical environment. The 
location, climate, topography, geology, soils, vegetation and fauna of the study site 
are described. 
1.7.3 Chapter 3: Literature Review 
 
Theoretical background of elephant impacts on thicket is provided. Remote sensing 
and vegetation degradation is reviewed.  Information on grazing gradients, change 
detection, accuracy assessment and land fragmentation is provided 
1.7.4 Chapter 4: Methodology 
 
A description of the methods used to achieve the aim and set of objectives are 
provided in this chapter. Image pre-processing, NDVI, classification, vegetation 
gradients, accuracy assessment and the change detection technique used are 
explained. Landscape metrics used to analyse fragmentation are described. 
1.7.5 Chapter 5: Results 
 
This chapter provides the results obtained in this study. Trends in thicket vegetation 
degradation are presented using change detection techniques and landscape 
metrics. 
 
1.7.6 Chapter 6: Discussion and Conclusion 
 
An interpretation of the results is made in this chapter. Recommendations, directions 
for future research and an overall conclusion are presented. 
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CHAPTER 2: STUDY AREA 
2.1 Introduction 
 
The AENP (33° 30’S, 25° 45’ E) situated in the Eastern Cape, South Africa (Figure 
2.1) was proclaimed as a national Park in 1931. The AENP was initially proclaimed 
to conserve the threatened Eastern Cape elephant population (South African 
National Parks, 2006; Whitehouse et al., 2008).  Only 11 elephants were surviving at 
the time. The AENP has become one of the most important protected areas 
conserving the threatened thicket vegetation. Initially the AENP was created to 
conserve only one species, but today conservation efforts embrace the protection of 
the region’s unique biological diversity. The AENP finds itself situated within an 
ecological tension zone, at a junction of five terrestrial biomes: Thicket, Fynbos, 
Grassland, Nama-Karoo and Wetland, making it the most diverse Park in South 
Africa and Africa. The AENP falls under the Cape Action Plan for the Environment 
(C.A.P.E), which focuses on minimizing key threats and root causes to biodiversity 
losses (South African National Parks, 2006).  
Today it is the third largest national Park in South Africa, conserving the flora, fauna, 
biodiversity and landscapes of the region. The AENP stretches from the area north 
of the Darlington Dam, over the Zuurberg Mountains, including the Sunday’s River 
Valley area, stretching all the way to the coast between Sunday’s River Mouth and 
Bushman’s River mouth (SANParks, 2011). The AENP is currently 168 000ha in 
extent and once expansion is complete, the terrestrial size of the AENP will be 236 
00ha in extent. The “Main Camp” area where most of the elephants are is naturally 
dominated by dense Subtropical thicket vegetation (Whitehouse et al., 2008).  
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Figure 2.1: Study area - Addo Elephant National Park. 
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2.2 Climate 
 
The AENP is situated in a semi-arid region and experiences an average annual 
rainfall of approximately 425mm, which is non-seasonal and unpredictable 
(Whitehouse et al., 2008). The temperature in the AENP can be described as warm 
temperate. In January temperatures vary from 15 to 45°C and between 5 and 18°C 
in July. The AENP is situated in the tension zone, of the Eastern Cape, between 
summer, winter and all-year rainfall. Natural water within the Park is limited and 
waterholes are fed by boreholes (South African National Parks, 2008). 
2.3 Topography, geology and soils 
 
The AENP is characterized by two distinct geomorphologic terrains. Low-lying plains 
are found in the south and the high-lying Zuurberg Mountains are found in the north. 
A wide variety of South African Vegetation types is supported by a complex mixture 
of geology in the AENP. AENP is underlain by the Kirkwood formation of the 
Uitenhage group which give rise to deep, fine-textured, sandy clay loam and well 
drained soils of the Addo form. Quartzite and sandstone form part of the Zuurberg 
Mountains at ± 1000m above sea level (South African National Parks, 2008).  
2.4 Vegetation 
 
The AENP is situated in the Albany Centre of endemic rich succulent thicket 
(Landman et al., 2008). AENP is one of the most diverse Parks in South Africa and 
Africa, as it represents five of South Africa’s biomes, namely Thicket, Fynbos, 
Forest, Nama Karoo and Grassland. Forty-three vegetation units have been 
identified in the Park, which include the Valley Thicket, Mesic Succulent Thicket, 
Spekboom Succulent Thicket and Xeric Succulent Thicket. The diverse floristic 
change in the Park is due to variation in altitude, topography, geology, soil 
composition and climate. Vegetation varies from typical thicket species such as 
Portulcaria afra, Sideroxylon inerme and Plumbago auriculata to forest species 
through to typical Fynbos species (South African National Parks, 2008).  
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Valley bushveld or Succulent Thicket, a dense spiny evergreen shrubland to low 
forest, is the dominant vegetation type found in the AENP’s Elephant Camp. 
Succulent thicket, which is endemic to the Eastern Cape is being threatened by 
elephants and many other herbivores in the AENP (Lombard et al., 2001). Succulent 
thicket is regarded as the highest conservation priority in the Eastern Cape, as it is of 
great biological importance (Hoffman and Cowling, 1990). Species richness and 
plant community structure are negatively impacted in the AENP, especially due to 
the high elephant densities (Lombard et al., 2001). 
2.5 Fauna 
 
The AENP was initially proclaimed in 1931 to preserve the threatened Eastern Cape 
elephant population. The elephant population has increased to over 400 by 2005 
(Figure 3.1), making it the second largest elephant population in South Africa (South 
African National Parks, 2008). The African elephant also represents the dominant 
faunal species in the Park (Whitehouse et al., 2008). Although the AENP was 
originally formed to conserve the remaining elephant population, it is also important 
for the conservation of other species (Whitehouse et al., 2008). Thicket vegetation 
within the AENP is being browsed by a high proportion of mammalian herbivores 
such as elephant (Loxondata Africana), black rhinoceros (Diceros bicornis bicornis), 
eland (Taurotgus oryx), kudu (Trangelaphus strepsiceros) and bushbuck 
(Trangelaphus scriptus). Buffalo (Syncerus caffer) and zebra (Equus burchelli) make 
up the bulk of grazing species (Stuart-Hill, 1992; South African National Parks, 
2008).  According to Kerley and Boshoff (1997) the elephant population has grown 
beyond its recommended density limits of two elephants per km2, leaving SANParks 
with a choice of either removing excess elephants or expanding their habitat. 
SANParks believes in conserving the Park’s biodiversity and therefore opts for the 
latter. 
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CHAPTER 3: LITERATURE REVIEW 
3.1 Introduction 
 
This chapter reviews literature pertaining to elephant impacts on thicket and 
vegetation (grazing) gradients caused by elephants around water points. The 
importance and conservation of the thicket biome is reviewed. The link between 
subtropical thicket, climate change and carbon sequestration is also reviewed. 
Remote sensing methods and techniques used for change detection and vegetation 
monitoring are also focused on. 
Subtropical thicket in the Eastern Cape, including the AENP, is severely under 
threat, as it is under constant pressure from megaherbivores (elephants) within the 
Park. Remote sensing techniques using satellite imagery and various techniques, 
provide an efficient and effective means of assessing and monitoring change in 
thicket condition. 
3.2 Elephant impacts on thicket 
 
The elephant population within the AENP has impacts on ecological processes, plant 
biomass and diversity, soil condition and landscape patchiness (Kerley and 
Landman, 2006). Loxodonta africana within the AENP is apparently responsible for 
the considerable decline in plant diversity, especially the endemic species within the 
region (Landman et al., 2008).  Elephants are seen as megaherbivores that play a 
key role in the ecological process of the Eastern Cape’s subtropical thicket (Cowling 
et al., 2005; Kerley and Landman, 2006) and therefore need to be carefully managed 
within enclosed reserves, such as the AENP. Elephant impacts vary across 
landscapes as they do not use the landscape in a uniform manner (Kerley et al., 
2008). Within the AENP, these megaherbivores have caused a reduction in plant 
biomass, particularly affecting endemic thicket species. One of the AENPs main 
objectives is to preserve the remaining viable example of intact Valley Bushveld 
Thicket (Kerley and Boshoff, 1997). These plant species can be protected from 
elephants by: a) protecting plants in botanical reserves, preventing browsing by 
elephants and b) keeping elephants at low densities, hence reducing their impact on 
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plant species (Kerley and Boshoff, 1997). Lombard et al. (2001) show clearly the 
relationship between the time of exposure to elephants and the impacts involved. 
Their study suggests the loss of species will continue under current densities. Plant 
species lost and those being reduced in population size are the species with the 
highest conservation potential (Lombard et al., 2001). Studies have shown that at 
densities of elephants maintained in the AENP, thicket vegetation is severely 
impacted and under threat (Cowling and Kerley, 2002). The subtropical thicket of the 
Eastern Cape is negatively influenced by browsing of elephants and black rhinos 
(Cowling and Kerley, 2002; Cowling et al., 2009). These ecosystems provide a 
primary source of defoliation for these megaherbivores. Elephants are therefore 
seen as agents of thicket degradation. The maintenance of elephant densities within 
these thicket regions is therefore very important (Cowling and Kerley, 2002, Kerley 
and Landman, 2006). Increasing elephant populations will lead to a decrease in 
available habitat (Kerley and Boshoff, 1997). According to Moolman and Cowling 
(1994), if the AENP is to maintain a viable example of a thicket ecosystem, elephant 
numbers need to be decreased considerably. In order to maintain both elephant 
numbers and thicket condition, this problem can be solved by expanding the area 
accessible to the elephants (Moolman and Cowling, 1994). Increasing the availability 
of habitat to elephants is the most likely way to create a balance, as culling is not an 
option (Kerley and Boshoff, 1997). According to Lombard et al. (2001) culling of 
elephants has been ruled out as an option to reduce grazing pressure on vegetation 
within the Park. Culling of elephants within the Park will conflict with tourism 
requirements. Elephant viewing is the Park’s key attraction, where tourists require 
high elephant densities for game-viewing contentment. Therefore vulnerable plants 
will always need to be protected from elephant densities within the Park (Lombard et 
al., 2001). 
Elephants individually consume an enormous amount of vegetation and they are 
seen as wasteful feeders (Cowling and Kerley, 2002; Valeix et al., 2011). They 
remove large portions of plant material, eat some and discard the rest. Succulent 
thicket is significantly reduced by this action. The feeding and discarding of plant 
material by elephants, is one of the major causes of thicket degradation within the 
AENP (Cowling and Kerley, 2002). Results from Barrat and Hall-Martin (1991) 
clearly show the impact of elephants on canopy volume of thicket vegetation within 
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the AENP. Canopy volume in the absence of elephants increased between 1977 and 
1981. Elephant densities in the early 1990’s had a negative impact on the 
composition and structure of thicket vegetation (Figure 3.1). It should be 
remembered that not only elephants, but other species have a significant impact on 
thicket degradation within the AENP (Stuart-Hill, 1992). 
Within the AENP, not only do these elephants feed on thicket, they also trample on 
and crush it. In addition to crushing the thicket vegetation, they also create paths 
between the vegetation (Cowling and Kerley, 2002). High elephant densities lead to 
an increase in the number and size of paths through thicket. This results in open 
habitat as the paths widen (Kerley et al., 2004; Landman et al., 2008). This can lead 
to the altering of microclimates within dense-canopied vegetation (Cowling and 
Kerley, 2002). The soil and air temperatures of these open habitats become extreme 
compared to that of intact thicket. The change in microclimate affects soil litter 
processes, plant and animal physiology, seedling germination and survival (Kerley et 
al., 2004). Habitat suitability for various other species is affected by the opening of 
dense vegetation by these large-sized animals (Cowling and Kerley, 2002; van 
Aarde and Jackson, 2007; Valeix et al., 2011). Research shows that grysbok 
numbers within the Park appear to decline with increasing elephant impacts (Cowling 
and Kerley, 2002) and browsing availability for black rhinos are impacted (Kerley and 
Landman, 2006). 
Some researchers see high impacts of elephants on species extinction as a natural 
phenomenon and that it should not be a matter of concern. However, according to 
Mabunda (2005), leaving nature to take its course is not a sensible management 
option. SANParks believes that identifying specific zones within the AENP to reduce 
elephant numbers is the best approach to maintain thicket biodiversity (Whyte et al., 
1999). Elephant numbers should fluctuate naturally outside these zones. If elephant 
numbers are left alone and reach high densities (see Figure 3.1), it could cause 
catastrophe for the AENP and there would be no refuge for “impact sensitive 
species” (Mabunda, 2005). The “elephant problem” in conservation areas represents 
challenges to elephant management as it is costly and culling, translocation and 
contraception are controversial management options among the public (Kerley and 
Landman, 2006). Managing Africa’s elephant population is complex, as these 
megaherbivores are vulnerable to extinction (van Aarde and Jackson, 2007). 
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Elephants in the AENP represent the only current example, where elephants are the 
driving factor behind the extinction of endemic plants. It is therefore an issue of 
concern to manage the impacts elephants have on Subtropical thicket (Kerley and 
Landman, 2006). 
 
Figure 3.1: Population numbers and density of elephants within the main enclosure 
of the Addo Elephant National Park. Elephant population is represented by the solid 
line. Elephant density is represented by the thin, dense line in relation to the 
maximum estimated ecological carrying capacity represented by the thick, hatched 
line (Kerley and Landman, 2006). 
 
3.3 The Thicket Biome 
 
Subtropical thicket which is centred along the coastal belt of the Eastern Cape, 
South Africa, is part of a global biome of semi-arid, forest-like vegetation and is of 
global importance (Marais et al., 2009; Sigwela et al., 2009). Knight et al. (2003) 
state that intact Subtropical Thicket provide crucial ecosystem functions necessary 
for the functioning of human communities. These functions include clean air and 
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water, soil retention and carbon storage from the atmosphere, making this biome 
very special. This “lost biome” which covers approximately 17% of the Eastern 
Cape’s surface (Lechmere-Oertel et al., 2005; Powell et al., 2006), is one of seven 
biomes found in South Africa, and has only recently been recognized as a biome on 
its own (Knight and Cowling, 2003; Cowling et al., 2005; Kerley and Landman, 2006; 
Pierce and Mader, 2006). This biome is broadly distinctive as its structure varies 
from dense, impenetrable evergreen closed shrubland of succulent trees (2-5m), 
shrubs and vines to a low forest structure and varying plant species (Knight and 
Cowling, 2003; Cowling et al., 2005; Lechmere-Oertel et al., 2005; Pierce and 
Mader, 2006; Whitehouse et al., 2008). Subtropical thicket thrives under specific 
climatic conditions, where annual rainfall varies between 200 mm and 1050 mm. The 
distribution of subtropical thicket is influenced by rainfall seasonality (Kerley and 
Landman, 2006; Pierce and Mader, 2006). 
The rate and extent of either transformation or degradation of the thicket biome is of 
great concern. According to Sigwela et al. (2009) there is limited knowledge 
regarding the regeneration of subtropical thicket in South Africa, which obstructs 
suitable restoration of degraded landscapes. There is a need for further research of 
this biome, based upon the increasing threats faced by this important biome. The 
thicket biome is considered extremely important, because of its unique vegetation, its 
conservation status, its neglect in the past and its importance to future generations. 
Subtropical thicket is composed of a diverse and complex suite of plant species, 
making it a very “rich” biome. This biome not only boasts rich plant species, but also 
provides a home to various fauna species. Large mammal herbivores, particularly 
megaherbivores such as Black Rhinoceros and species of the African Elephant are 
found in protected areas such as the AENP (Knight and Cowling, 2003). “Spekboom” 
(Portulacaria afra), one of the most extensive plant species in the Park provides an 
important food source for elephants within the Park (Whitehouse et al., 2008). 
According to the Subtropical Thicket Ecosystem Project (STEP), large areas in the 
Eastern Cape have severely degraded thicket vegetation. Portulacaria afra 
(Spekboom), a dominant subtropical thicket type, is being degraded from the 
landscapes of the province. Spekboom degradation leads to disturbed nutrient 
cycles, decreased water infiltration and desertification. Ecosystem carbon is stored in 
large amounts by subtropical thicket. In areas where thicket is severely degraded, 
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ecosystems suffer and where action is not taken, recovery will be low (Powell et al., 
2006).  
3.4 Climate Change and Carbon Sequestration  
 
Increased temperatures and climate unpredictability have become issues of concern 
to many around the world (Pierce and Mader, 2006; Powell et al., 2006). The world’s 
climate is changing due to high levels of carbon dioxide (CO2) in the atmosphere 
(Powell et al., 2006), with various implications for life on Earth. Human beings have 
become the drivers behind the enormous CO2 increase. CO2 is captured from the 
atmosphere by plants and stored within the plant. As the plant captures CO2 from the 
atmosphere, it also releases oxygen into the atmosphere. The thicket biome, 
particularly the Spekboom, plays an important role in storing carbon. However, many 
thicket landscapes are degraded, resulting in reduced carbon storage (Pierce and 
Mader 2006). 
Carbon sequestration is a process whereby CO2 is removed from the atmosphere 
and stored. Massive amounts CO2 in the atmosphere contribute to the greenhouse 
effect and have severe implications for global climate change. Climate conditions, 
soil type and herbivory levels all influence the rate of carbon sequestration (Marais et 
al., 2009). According to Marais et al., (2009), Spekboom has high potential for 
carbon sequestration, enabling the functionality of ecosystems to be maintained 
within semi-arid landscapes (Marais et al., 2009). Thicket restoration however is a 
timely process, even when degraded thicket is completely “rested” from degradation 
eg. by herbivory (Lechmere-Oertel et al., 2005). Within semi-arid areas of the 
Eastern Cape, intact thicket represents very high stores of carbon, exceeding 
20kg/m2 (Mills and Cowling, 2006). Intact thicket has the potential of sequestering 
carbon at a rate of between 1.2 and 4.2t C ha-1 yr-1(Marais et al., 2009).Thicket 
restoration promotes carbon sequestration and can over time be sold or traded 
internationally (Mills and Cowling, 2006; Marais et al., 2009). Despite inadequate 
water sources, the carbon sequestration market in the Eastern Cape is set to flourish 
(Marais et al., 2009).  
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3.5 Grazing Gradients 
 
Areas around water points suffer severe vegetation degradation due to animal water 
demand. With the use of multi-date satellite imagery and vegetation indices such as 
NDVI, vegetation degradation can be assessed along grazing gradients (Harris and 
Asner, 2003). The land surrounding water points is clearly defined by trampling 
induced gradients, where vegetation conditions are altered leading to reduced 
ecological function (Harris and Asner, 2003; Eldridge and Whitford, 2009). Grazing 
gradients tend to emerge with distance from water points where there is limited 
access to surface water. African elephants particularly depend on drinking water on 
a daily basis, resulting in feeding and trampling on vegetation in the proximity of the 
water points. Elephant (Loxdonta africana) and vegetation interactions commonly 
take place in piospheres (Franz et al., 2010). Piosphere is derived from the Greek 
words, pios meaning to drink and sphere meaning round. Within a piosphere, 
grazing impact decreases with distance (from a water point), causing increased 
vegetation change away from the central focus (Rajabov, 2009). The vegetation 
devastation by elephants around water points causes severe conservation problems 
and impacts negatively on other herbivores depending on vegetation close to the 
water points (Franz et al., 2010). 
Thicket degradation within the Eastern Cape is an issue of concern and can be 
monitored by remote sensing. Remote sensing plays an important role in vegetation 
monitoring and conservation (Barrett and Curtis, 1999). Multi-temporal imagery 
provides a convenient manner in which vegetation change can be assessed over 
time. 
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3.6 An Overview of Remote Sensing 
 
This section provides general information on remote sensing and how it can be used 
for vegetation change detection analysis. 
3.6.1 Defining Remote Sensing 
 
According to Campbell (2006), remote sensing is the practice of deriving information 
about the Earth’s surface from an overhead perspective. Remote sensing provides 
an effective tool to monitor the Earth’s surface (Dyring, 1973), where physical data of 
an object can be acquired without being in contact with it (Gibson and Power, 2000). 
A large spatial scale is provided by remotely sensed data to monitor vast areas 
(Elmore et al., 2000). Sensors enable the remote collection of data, which enables 
objects, landscapes and other phenomena to be analysed, providing detailed 
information about the objects being studied (Dyring, 1973; Goodchild, 1994; 
Lillesand et al., 2004). Observing the Earth by remote sensing enables the 
interpretation and understanding of measurements made by satellite-borne 
instruments. The electromagnetic radiation measurements evaluate the reflection 
and emission of objects on the Earth’s surface (Campbell, 2006). The remote 
sensing approach is used in various environmental fields, where it assists in 
monitoring gradual change on both regional and global scales (Dyring, 1973). 
Remote sensing is considered one of the most powerful and indispensible tools to 
monitor vegetation (Dyring, 1973; Allan, 1980; Jensen, 1983; Goodchild, 1994; 
Alexander and Millington, 2000; Rogan et al., 2002; Jin et al., 2008; Paudel and 
Anderson, 2010; Peijun et al., 2010). 
 
3.6.2 Imagery 
 
There are several earth resource satellites; for the purpose of the present study, 
Landsat MSS (Multispectral Scanner), Landsat TM (Thematic Mapper) and SPOT 
(Le Systeme Pour l ‘Observation de la Terre) will be reviewed. Each satellite has its 
own characteristics, separating one from the other. 
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The first Landsat satellite was launched on the 23rd of June 1972, which saw space 
science evolve all over the world (Gao, 2009). Over the past 39 years Landsat has 
provided remote sensing with a continuous record of the Earth’s surface (Wulder et 
al., 2008). Landsat MSS (Landsat 1, 2 and 3) which operates using four spectral 
bands scans along the wavelength from 0.5 to 1.1µm. This satellite with its spatial 
resolution of 79 m completes 14 revolutions around the globe per day and repeats its 
cycle every 18 days. Landsat TM was then later launched (Landsat 4 on 16 July 
1982 and Landsat 5 on 1 March 1984), with many of the same characteristics as 
Landsat MSS. However, Landsat TM has spectral and spatial resolutions of seven 
spectral bands and 30m respectively, excluding band six which has a 120 m spatial 
resolution. The wavelength range of Landsat TM is between 0.45 and 2.35µm and its 
cycle repeated every 16 days (Gao, 2009). Each Landsat TM band reflects 
characteristic features on the Earth’s surface. eg. water, soils, vegetation (Table 3.1). 
On the 21st of February 1986 SPOT was launched into an orbit of 832km. SPOT 1, 2 
and 3 have three bands: green, red and near infrared. When SPOT 4 and 5 were 
launched on 23 March 1998 and 4 May 2002, a fourth spectral band called 
shortwave infrared (SWIR) was added (Table 3.2). SPOT imagery has a 
multispectral wavelength range from 0.50 to 1.75µm and a spatial resolution of 20m 
for SPOT 1, 2, 3 and 4, and 10m for SPOT 5. The high resolution of SPOT Earth 
observation satellites is consistent and reliable in providing resource information of 
the Earth (Jensen, 2005). SWIR was added to the sensor to overcome the limitation 
of automatic vegetation mapping of SPOT data. Vegetation is best distinguished with 
the shortwave infrared spectrum (Gao, 2009). Both Landsat and SPOT imagery 
provide essential detail to assess change for example: vegetation change (Jensen, 
2005). 
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Table 3.1: Landsat Thematic Mapper spectral bands (adapted from Gao, 2009): 
Band Wavelength 
(µm) 
Spectral 
Regions 
Detection of Features 
1 0.45 – 0.52 Blue-green Detects water bodies, useful for 
mapping coastal areas and for 
separating soil from vegetation. It also 
helps distinguish coniferous from 
deciduous flora.  
2 0.52 – 0.60 Green This band measures healthy green 
vegetation. 
3 0.63 – 0.69 Red This red band is an essential 
chlorophyll absorption band used for 
vegetation discrimination. 
4 0.76 – 0.90 Near Infrared Biomass of vegetation can be 
determined using the near infrared 
band. 
5 1.55 – 1.75 Mid Infrared Vegetation moisture content and soil 
moisture are indication using this 
band. It is also useful when 
differentiating snow from clouds. 
6 2.08 – 2.35 Mid Infrared This band discriminates various rock 
types from each other. 
7 10.40 – 12.50 Thermal Geothermal activity is located using 
this band. It also assists with 
vegetation stress analysis and soil 
moisture discrimination. 
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Table 3.2: SPOT spectral bands (adapted from Barrett and Curtis, 1999): 
Band Wavelength 
(µm) 
Spectral 
Regions 
Resolution 
1 0.50 – 0.59 Green 20m 
2 0.61- 0.68 Red 20m 
3 0.79 – 0.89 Near Infrared 20m 
4* 1.58 – 1.75 SWIR 1km 
           *Available for SPOT 4 and 5 
 
3.6.3 Remote Sensing and Vegetation Monitoring  
 
Remote sensing techniques have enhanced our ability to interpret the Earth’s 
surface, particularly vegetation condition. It has become a practical way of mapping 
and monitoring changes in vegetation (Dyring, 1973; Jensen, 1983; Goodchild, 1994; 
Campbell, 2006; Kotzé and Fairall, 2006). Remote sensing helps us understand the 
nature and location of these changes and vegetation monitoring is made possible by 
change detection using multi-temporal imagery (Campbell, 2006). Multi-temporal 
remote sensing compares remote sensing data recorded over the same geographic 
area at different times (Gao, 2009).  According to Kennedy et al. (2008) vegetation 
monitoring follows four steps: data acquisition, pre-processing, analysis and 
evaluation. Principal components analysis, temporal image differencing, temporal 
image rationing, post-classification comparison, change vector analysis, image 
regression and multivariate alteration detection are all methods that can be used to 
detect change (Teng et al., 2008).  
Vegetation monitoring by remotely sensed data has traditionally been carried out by 
means of vegetation indices, which are designed to assess the spectral contribution 
of green plants to multispectral observations (Maselli et al., 1998; Paudel and 
Anderson, 2010). Vegetation Indices (VIs) are specifically used either to measure 
vegetation biomass (quantitative tool) or as a mapping device (qualitative tool). The 
21 
 
most common VI is known as the Normalized difference vegetation index (NDVI) and 
has for long been used to monitor change in vegetation (Volcani et al., 2005; 
Campbell, 2006; Jacquin et al., 2010). 
3.6.4 Image Rectification 
 
The homogeneity of satellite images is vital when analysing changes in vegetation 
using remotely sensed data (Vincente-Serrano et al., 2008). Change detection 
depends largely on the accuracy and precision of geometric registration of 
multitemporal remote sensing data sets, making image-to-map and image-to-image 
rectification error a priority (Goodchild, 1994; Lunetta and Elvidge, 1999). Image 
rectification is described by various terms which emphasize the elimination of 
distortions. Firstly, image geometric rectification, which refers to the process during 
which geometric distortions within the input image are removed from the output 
image. Geometric modification enables the output image to have the desired 
projection, uniform scale and a proper orientation. Secondly, georeferencing refers to 
the reprojection or transformation of an image from a local coordinate system, in 
which coordinates are represented by rows and columns, into a global coordinate 
system represented by eastings and northings (Gao, 2009). Georeferencing occurs 
when an image is geometrically corrected to a planimetrically correct coordinate 
system. This process involves identifying points (Ground Control Points or GCPs) on 
the image that can be referenced to known map locations so that the whole image 
can be transformed to map coordinates. The georeferencing accuracy depends on 
the number of GCPs and the accuracy with which their image and map positions can 
be determined (Green and Hartley, 2000). 
According to Gao (2009) it is important to geometrically rectify images for three 
reasons: 
 Firstly, most remote sensing applications end products about the Earth’s 
environment and resources are occur in thematic map form. The maps 
produced needs to conform to certain geometric mapping standards. Image 
rectification ensures that geometric distortions occurring within the remote 
sensing imagery are eliminated or reduced to an acceptable level. 
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 Secondly, raw satellite images and aerial photographs have to be projected to 
a common ground reference system in order to be analysed with data from 
other sources in a GIS. This enables images obtained at different times to be 
spatially registered with one another. 
 Lastly, when used to detect changes or update existing maps, remotely 
sensed data must be reprojected to a coordinate system with a known 
geometry identical to that of the digital maps to be revised. 
 
Often remotely sensed imagery contains “noise” or error introduced by the 
environment or the sensor, which requires radiometric rectification for further 
analysis (Jensen, 2005). Radiometric rectification represents another form of image 
rectification, where temporal variation of multitemporal remotely sensed data is 
rectified (Gao, 2009). This form of rectification involves improving the accuracy of 
surface spectral reflectance, emittance and back-scattered measurements (Jensen, 
2005). This process may take the form of normalizing data or the resampling of data 
to the same spatial resolution (Gao, 2009). Once these processes are complete 
images are ready for further analysis. 
 
3.6.5 Vegetation Indices 
 
Vegetation indices present mathematical transformations assessing the spectral 
contribution of vegetation (Lunetta and Elvidge, 1999), emphasizing spectral contrast 
between the near infrared (NIR) and red (R) regions of the electromagnetic 
spectrum. Digital quantitative measures are produced by these vegetation indices, 
which attempt to assess vegetation biomass and to evaluate vegetation condition 
(Goodchild, 1994; Gibson and Power, 2000; Jensen, 2005). Remote sensing bands 
are combined to generate a number representing a vegetation index and create an 
image reflecting vegetation conditions based on image pixels (Ray, 1994). According 
to Campbell (2006) vegetation indices are formed when a number of spectral values 
are combined and then produces single values indicating biomass and growth of 
vegetation within a pixel, when these combined spectral values are multiplied, added 
or divided. This process contrasts intense chlorophyll pigment absorptions in the red 
23 
 
region against the NIR region where there is high reflections of plant materials 
(Maselli et al., 1998; Lunetta and Elvidge, 1999; Gao, 2009). The digital quantitative 
measure relates to vegetation health on the ground. There is therefore a high 
probability that higher vegetation index values correspond to dense healthy 
vegetation on the ground (Gibson and Power, 2000). Healthy vegetation will be 
indicated by high values for VI pixels (Campbell, 2006). 
3.6.6 Commonly used Vegetation Indices 
 
Spatial and temporal trends in vegetation dynamics, productivity and distribution can 
be identified using the NDVI. This index is considered an important tool to investigate 
the interactions between vegetation and animal activity (Beck et al., 2008).This 
vegetation index is the most widely used one (Volcani et al., 2005; Jin et al., 2008) 
and is derived from reflectance measurements in the red and infrared sections of the 
electromagnetic spectrum to describe the relative amount of green biomass from 
different areas (Jin et al., 2008). The NDVI developed by Rouse et al., (1974) can be 
calculated using the following formula:  
 
NDVI = (NIR-RED) / (NIR+ RED) 
This ratio calculates the amount of reflectance in the near infrared (NIR) and red 
portions of the electromagnetic spectrum. The NIR and RED portions range from 
0.72 to 1.10µm and 0.58 to 0.68µm respectively (Figure 3.2). Green vegetative 
surfaces result in positive NDVI values (NIR> RED) (Weiss et al., 2004). An increase 
in green vegetation results in higher NDVI values and lower NDVI values imply less 
or non-vegetated areas (Weiss et al., 2004; Jin et al., 2008). The NDVI can be 
related to biophysical variables such as vegetation phenology, canopy coverage, leaf 
area and productivity (Weiss et al., 2004). It is effective at detecting and visualizing 
the quantity of vegetation biomass, revealing the status of vegetation, from which 
vegetation degradation can be quantified (Tanser and Palmer, 1999). According to 
Schmidt and Karnieli (2000) multi-temporal NDVI images are useful for assessing 
vegetation dynamics and analysing spatial vegetation patterns. 
24 
 
Uncertainties in relating NDVI to vegetation occur when vegetation canopies in arid 
and semi-arid environments do not achieve complete coverage, resulting in the NDVI 
being susceptible to the spectral influence of soil and soil moisture in gaps between 
vegetation (Weiss et al., 2004). Nonetheless, the NDVI is still the preferred technique 
to assess vegetation in arid and semi-arid environments (Weiss et al., 2004; Gao, 
2009).  According to Ray (1994) the NDVI is the most widely used vegetation index, 
as it is simple and best represents change in vegetation. NDVI values provide an 
efficient and objective manner to evaluate phenological characteristics and have 
effectively been used to detect changes in vegetation cover (Volcani et al., 2005; 
Jacquin et al., 2010). 
 
Figure 3.2: Spectral reflectance curve for vegetation (after Bowers and Hanks, 
1965).  
Although NDVI is the most commonly used vegetation index, other vegetation 
indices can also be used. Some of these include: Simple Ratio (SR), Soil Adjusted 
Vegetation Index (SAVI), Kauth-Thomas Tasseled Cap Transformation and the 
Enhanced Vegetation Index (EVI). SR is the first true vegetation index, which is 
presented by the ratio of red reflected radiant flux to the near-infrared radiant flux. 
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SAVI takes into consideration soil background and/or the atmospheric adjustment 
factor when analysing vegetation conditions and it minimizes soil “noise”. The Kauth-
Thomas Tasseled Cap Transformation is a global vegetation index, which can be 
used to disaggregate individual pixels in a Landsat MSS or TM image based on the 
amount of soil brightness, moisture content and vegetation. EVI includes a soil 
adjustment factor and has improved sensitivity to areas of high biomass (Jensen, 
2005).  These vegetation indices all provide a unique contribution to vegetation 
analysis. The NDVI is more appropriate for AENP conditions, as soil noise from bare 
areas is not pronounced and thicket vegetation cover is abundant. 
3.7 Classification 
 
Image classification is a process that converts satellite data into information based 
on pixel values within the image. This process has made it possible for researchers 
to study the Earth’s surface using satellite data (Goodchild, 1994; Gao, 2009). 
Information is extracted based on assigning pixels to classes. Each pixel is treated 
as individual unit composed of values in various spectral bands. Classification makes 
it possible to gather groups of similar pixels into classes that are associated with 
informational categories of interest, by comparing pixels to one another and to pixels 
of known identity. Image classification can be applied to various remote sensing 
applications, used for image analysis and pattern recognition (Campbell, 2006). 
Image classification fundamentally involves the transformation of remotely sensed 
measures of spectral radiance to information about land surface composition. 
Vegetation scientists primarily aim to map vegetation distribution in terms of floristic 
composition, structure and productivity. It is assumed that classification can 
distinguish radiometrically unique categories which correspond exactly with classes 
of interest. However the validity of this assumption determines the success and 
accuracy of classification (Alexander and Millington, 2000). 
In contrast to maps, images provide a continuous record of land cover in blank 
areas. Classification smoothes out insignificant variations and simplifies images into 
thematic maps of land cover. This process assigns pixels which have similar spectral 
characteristics and which are assumed to belong to the same class are identified 
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and assigned a unique colour. Once an image is classified the dataset can be 
interrogated and the area of different classes can be set (Gibson and Power, 2000; 
Campbell, 2006).  
Image classification is separated into supervised classification and unsupervised 
classification. Supervised classification requires significant interaction with the 
analyst, who guides the classification by identifying areas on the image that belong 
to a certain category. Unsupervised classification requires minimal interaction with 
the analyst and searches for natural groups of pixels within the image (Campbell, 
2006). 
 
3.7.1 Supervised Classification 
 
Supervised classification requires prior knowledge of the land cover types, enabling 
classes to be generated based on, aerial photography interpretation, personal 
experience, map analysis and fieldwork (Jensen, 2005). This is a process whereby 
samples of known identity (i.e., pixels already assigned to informational classes) are 
used to classify pixels of unknown identity (i.e., assign unclassified pixels to one of 
several informational classes). Pixels of known identity are found within training 
areas and are identified by regions on the image that can be clearly matched to 
areas of known identity on the image. Training areas should characterize spectral 
properties of the categories they represent and must be homogeneous in respect to 
the information classes. The selection of training areas is a key step in supervised 
classification (Campbell, 2002). 
 
3.7.2 Unsupervised Classification 
 
This classification method is used when the land cover types to be classified are not 
known, because ground reference information is missing or when features within the 
image is not well defined (Jensen, 2005). Unsupervised classification groups pixels 
into categories based on similarity in spectral values of the pixels and categorizes 
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pixels into groups specified by the analyst beforehand. No prior knowledge of the 
classes to be produced is required for unsupervised classification (Gao, 2009). This 
process identifies natural groups or structures within multispectral data. 
Unsupervised classification lends itself to the following advantages: human error is 
minimized, no extensive prior knowledge of the region is required and unique 
classes are recognized as distinct units. However, to its disadvantage, unsupervised 
classification identifies spectrally homogeneous classes within the data that do not 
necessarily correspond to the information categories that are of interest to the 
analyst. The analyst also has limited control over the menu of classes and their 
specific identities (Campbell, 2002). 
Per pixel classification, in particular supervised classification has the following 
advantages: the analyst locates certain areas that represent homogeneous 
examples of known land cover types (training sites). Pixels are assigned to a class of 
which it has the highest likelihood, whether they are within or outside the training 
sites. The analyst has complete control over classes to be classified (Jensen, 2005).  
Object-oriented classification uses objects or groups of pixels instead of individual 
pixels. The imagery used is disintegrated into relatively homogeneous objects, by 
applying a multi-resolution segmentation process. Some of the advantages of object-
oriented classification include the following: the inclusion of shape and 
neighbourhood relationships of objects in addition to spectral information used for 
classification. Object-oriented classification also has the ability to significantly map 
very small objects, such as remains of woodlands in complex environments. A major 
advantage of this classification analysis is that the results produced are already 
patches or polygons. Compared to object-oriented classification, the per pixel 
approach produces a better result for low resolution imagery (Gao, 2009). 
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3.8 Change Detection Analysis 
 
The surface of the Earth is ever changing and it is important to accurately monitor 
these changes, in order to better understand our changing world. Land use/cover 
change contributes significantly to global change, which impacts the world we live in. 
With the development of change detection techniques using remotely sensed data, 
these changes can be monitored (Jensen, 2005). The change detection process 
identifies differences in the state of an object or phenomenon by observation at 
different times. Change detection involves the ability to use multi-temporal data sets 
to quantify temporal effects (Singh, 1989). Relationships and interactions in nature 
can be better understood by timely and accurate change detection, aiding better 
management and use of resources. Change detection aims to compare the spatial 
representation of two points in time by controlling all variances caused by differences 
in variables that are not of interest and by measuring changes caused by differences 
in variables of interest. The use of remotely sensed data for change detection 
enables changes in the objects of interest, to echo changes in reflectance values or 
local textures that are separable from other factors such as atmospheric conditions, 
illumination and viewing angles. Remotely sensed data such as Landsat (TM), 
Satellite Probatoire dÓbseration de la Terre (SPOT) and Advanced Very High 
Resolution Radiometer (AVHRR) are the major data sources for various change 
detection applications, such as changes in vegetation ( Lu et al., 2004). 
 Vegetation change through time is of great interest from a variety of perspectives. 
Due to its synoptic views of landscapes and multi-temporal sensing, satellite imagery 
is well suited for monitoring vegetation health and change through time (Rogan et al., 
2002; Skidmore, 2002; Volcani et al., 2005; Kennedy et al., 2008). Continued 
collection of satellite imagery by Landsat and SPOT enables the monitoring of 
temporal landscape changes. The use of historical imagery indicates the growing 
value of archive imagery and that remote sensing data plays a vital role in our 
understanding of how landscapes are changing (Skidmore, 2002). Change detection 
provides a vital tool to monitor the surface of the Earth (van Oort, 2007). 
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3.8.1 Post-classification 
 
The post-classification method is considered the most reliable technique for change 
detection analysis and is used as a quantitative evaluation tool (Lunetta and Elvidge, 
1999; Jensen, 2005; Shalaby and Tateishi, 2007). This method is based on 
classified images, where quality and quantity of training sample data are essential to 
produce good quality classification results (Lu et al., 2004). Post-classification 
requires the rectification and classification of each image (Figure 3.3); once this is 
done, images are compared on a pixel-by-pixel basis (Jensen, 2005). Land cover 
changes are detected from land cover maps that have been classified from remotely 
sensed data. In post-classification change analysis,  two independently classified 
land cover maps are compared with each other after image classification (Gao, 
2009) and provide “from-to” change detection class information (Jensen, 2005). The 
degree of post-classification analysis success depends on the accuracy of image 
classification (Jensen, 2005; Shalaby and Tateishi, 2007). 
According to Singh (1989), Shalaby and Tateishi (2007) and Lu et al. (2004), the 
most important advantage of this technique is that data normalization is not required 
because temporal images are classified separately (Figure 3.3). There is no 
requirement for any type of scene-to-scene radiometric normalization, as long as the 
scenes are classified and labelled independently (Lunetta and Elvidge, 1999). Post-
classification also bypasses the difficulties in change detection associated with the 
analysis of images acquired at different times of the year or by different sensors 
(Singh, 1989; Lunetta and Elvidge, 1999; Lu et al., 2004). An important advantage of 
this method is that it reduces the impacts of atmospheric, sensor and environmental 
differences between multi-temporal images, providing a complete matrix for change 
information. However the disadvantages of this technique are that it is subject to 
misclassifications and inaccuracy in spatially registering the two maps. Inaccuracy of 
the classification process will degrade the quality of the change analysis outcome 
(Gao, 2009). Post-classification also requires time and expertise to create 
classification products. The final product depends on the quality of the classified 
image of each date (Lu et al., 2004). 
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Date 1                    Image Rectification 
 
 
 Classified Map (Date 1) 
 
 
 
Date 2  Image Rectification  
 
 
 **Classified Map (Date 2) 
 
 
 *Classified Map (Date1) 
 
 
 Change map produced (*Date 1 and **Date 2) 
 
Figure 3.3:Post-classification change detection process (Adapted from Jensen, 
2005). Classified maps from date 1(*) and 2 (**) were used to produce a change 
map. 
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3.9 Accuracy Assessment 
 
 Before any change analysis can take place, accuracy assessment of data is 
required. Accuracy assessment for change analysis is important to carry out in order 
to provide quality assurance and to determine which change analysis method is 
appropriate (Gao, 2009). It provides the basis for remote sensing classification and 
change detection applications (Lu et al., 2004; Gao, 2009). A change detection error 
matrix can be used to quantitatively assess the accuracy of change analysis (Gao, 
2009). This is a standard form of accuracy assessment that not only identifies overall 
errors for each category, but also identifies misclassifications for each category 
(Campbell, 2006). There are various issues, complications and difficulties when 
assessing the accuracy of a land cover map produced by digital analysis of remote 
sensing data. Problems that often occur are the selection of evaluation pixels and 
the conformation of reference pixels (Gao, 2009). Accuracy assessment measures 
the “correctness” between a standard assumed to be correct a classified image of 
unknown quality. It is said to be “accurate” if the image classification corresponds 
closely with the given standard. High accuracy in a statistical context suggests that 
estimated values are constantly close to an acceptable reference value. Practical 
implications of accuracy are of particular concern; the legal standing of maps is 
affected, therefore affecting the operational usefulness of data produced for land 
management and their validity for scientific research. This is a complex process 
having both practical and conceptual difficulties (Campbell, 2006). According to Liu 
and Mason (2009) there is no absolutely satisfactory accuracy assessment method 
for remote sensing of the Earth, as no map is an exact replicate of the real world 
(van Cauter et al., 2005). Liu and Mason (2009) also states that accuracy 
assessment is subject to error, without 100% knowledge of ground truth data. Once 
the accuracy assessment procedure has been completed, change detection 
methods can be applied to specific objectives.  
The calculation of landscape fragmentation also depends on the accuracy of images 
which, provide a useful tool in monitoring vegetation condition (Herzog and Lausch, 
2001 and Suprajaka and Hartono, 2011).  
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3.10 Landscape Fragmentation 
 
Landscape fragmentation is a physical process which breaks up land use types into 
smaller parcels (Llausàs and Nogué, 2011). Narumalani et al. (2004) suggest that 
the composition of land use types should be studied in conjunction with their spatial 
distribution and arrangement when analysing change. The evolution of GIS and 
remote sensing has made it possible for landscapes to be characterized and for 
structural landscapes to be quantified. Normally, landscape metrics are used to 
analyse spatial patterns in various landscapes (Suprajaka and Hartono, 2011). 
According to Herzog and Lausch (2001) landscape metrics using landscape patterns 
should be based on the spatial and geometrical arrangement of land cover patches. 
Landscape patterns (landscape metrics) being assessed by quantitative measures 
have over time become very useful in linking patterns found in the landscape to 
various environmental and ecological processes (Bastin et al., 2002; Narumalani et 
al., 2004). Landscape metrics can be derived using one of the following levels: class 
level, patch level and landscape level. The class level produces characteristics of all 
patches for a specific class. When metrics are defined for individual patches, the 
patch level is used. The landscape level is applied when there is integration all over 
the patch types or classes over the coverage of data (Narumalani et al., 2004). 
According to Narumalani et al. (2004) class metrics provide the best possible result 
which describes general landscape patterns, when comparing single landscape 
structures over different time periods. Studies conducted by Weiss et al., 2004; 
Kennedy et al., 2008; Teng et al., 2008 and Verbesselt et al., 2010, uses change 
detection analysis, which centres around a broad vegetation description and uses 
satellite data as a qualitative tool to analyse change. 
Landscape fragmentation with the aid of remotely-sensed data can be measured 
using various indexes, namely: Lacunarity index, Proximity index, Landscape 
Leakiness index and the Weighted Mean Patch Size index (Bastin et al., 2002). The 
index most commonly used is the Lacunarity Index. 
The Lacunarity index (L) measures the distribution of “gaps” in a spatial grid map, 
enabling the spatial pattern of gaps between patches to be analysed (Bastin et al., 
2002). According to Syphard and Franklin (2004) high values of lacunarity indicate 
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mixed landscapes with clustered distributions, while lower lacunarity values indicate 
regular distributions of homogenous landscapes.  
 
This index can be calculated using the formula:  
L = (variance/m2) + 1 
 
The present study uses landscape metrics derived from the FRAGSTATS® interface 
of ArcGIS 9.2 software. The landscape metrics used to calculate fragmentation 
include: Number of patches (NP), Largest Patch Index (LPI) and Landscape Shape 
Index (LSI), which are discussed in the methods chapter (Table 4.2). 
Landscape metrics can be derived using a variety of spatial analysis software types, 
which include FRAGSTATS. This is described in the sub-section below. 
3.10.1 FRAGSTATS 
 
According to Raines (2002), FRAGSTATS represents a set of spatial statistics, 
which are used to compare landscapes and to assess landscape processes. The 
user defines the landscape to be analysed and any spatial phenomenon can be 
represented (McGarigal et al., 2002). Within each landscape, FRAGSTATS 
quantifies the areal extent and spatial organization of patches. Statistics are 
computed for each patch and class within the landscape (McGarigal et al., 2002). 
FRAGSTATS calculations are applied in a fully integrated way within the GIS, 
allowing for easy application to maps. The results presented by FRAGSTATS allows 
for the integration of results presented by change detection (Raines, 2002). In this 
study landscape metrics will be derived by using Patch Analyst, a FRAGSTATS 
interface in ArcGIS, which has become an important GIS spatial analysis tool to 
compare and describe maps. The landscape metrics to be used in this study are 
discussed in the next chapter.  
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3.11 Conclusion 
 
The present chapter provided review elephant impacts on thicket, the importance of 
thicket, climate change implications of thicket degradation and general concepts and 
methodologies in remote sensing. Landscape metrics used to analyse the degree of 
vegetation degradation were outlined. These landscape metrics include NP, LPI and 
LSI. The following chapter describes the methodology applied in this study. 
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CHAPTER 4: METHODS 
4.1 Introduction 
 
This chapter provides methods and techniques used to achieve the aim and 
objectives set for this study. Change in thicket condition was assessed using 
Landsat and SPOT images. Image classification, change detection and landscape 
fragmentation analyses were conducted. Fieldwork was also conducted to assess 
the present condition of thicket within the Park. Figure 4.1 illustrates the methods 
and techniques used for this study. 
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Figure 4.1: Flow diagram - The process of assessing thicket degradation. 
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4.2 Remote Sensing Methods 
4.2.1 Imagery 
 
For this study, Landsat and SPOT imagery were used to analyse the objectives set 
in chapter 1. Images for this study were analysed using IDRISI Kilimanjaro. Landsat 
imagery from the following years was used: 1973, 1986, 1999 and 2002 and SPOT 
imagery for 2010 was used (Table 1). The SPOT image did not cover the entire 
study area, as a result only the area covered was used. These images have near 
anniversary dates captured between November and December. Obtaining imagery 
with near anniversary dates minimizes the effects of seasonal phonological 
differences on the results of change detection (Jensen, 2005). Tanser (1997) 
suggests that data from peak rainfall months (between October and March) should 
be selected as they provide a high degree of discrimination between healthy and 
degraded or transformed vegetation conditions.  The peak rainfall period also 
provides a good basis for comparison of vegetation conditions between two dates. 
The imagery used in this study was selected on the basis of availability. In particular, 
images captured after the respective AENP expansion phases were chosen. These 
would reflect the post-expansion vegetation condition. 
For the Landsat imagery, both Multispectral Scanner (MSS) and Thematic Mapper 
(TM) were used. The AENP was delineated from the imagery using the “Extract 
Mask” facility in ArcGIS. Landsat MSS has a 60m spatial resolution with four bands. 
Vegetation condition can be analysed by using bands 3 and 4.The spectral range of 
Landsat MSS is between 0.5µm and 1.1µm. Landsat TM has a 30m spatial 
resolution and has seven bands covering the visible, near infrared, mid-infrared and 
thermal infrared. Bands 2, 3 and 4 are the relevant ones for vegetation analysis. The 
TM wavelength covers the spectrum between 0.45µm and 2.35µm. Landsat TM is 
more advanced compared to Landsat MSS, as it has improved spatial and 
radiometric resolution (Mather, 2004).These differences in spatial and radiometric 
resolution were standardized in the present study by pre-processing techniques, 
such as georeferencing and radiometric correction. 
SPOT (Satellite Pour l’Observation de la Terre) 4 used in this study has a spatial 
resolution of 20m for bands 1 to 3. Compared to Landsat imagery, SPOT data 
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provides higher quality results, because it has a finer spatial resolution. Due to fewer 
spectral bands, SPOT produces less accurate results compared to Landsat TM if the 
object of study is vegetation (Gao, 2009).  
  
Table 4.1: Available satellite imagery for the study: 
Imagery 
Type 
Date Resolution Bands Band 
Wavelengths 
(µm) 
Season 
Landsat 
MSS 
1973 60m B1 - Green 
B2 - Red 
B3 - Near 
Infrared 
B4 - Near 
Infrared 
B1: 0.5 – 0.6 
B2: 0.6 – 0.7 
B3: 0.7 – 0.8 
B4: 0.8 – 1.1 
Wet  
Landsat 
TM 
1986, 
1999, 
2002 
30m B1- Blue-Green 
B2- Green 
B3- Red 
B4- Near 
Infrared 
B5-  Mid 
Infrared 
B1: 0.45 – 0.52 
B2: 0.52 – 0.60 
B3: 0.63 – 0.69 
B4: 0.76 – 0.90 
B5: 1.55 – 1.75 
Wet 
SPOT 4 2010 20m B1- Green 
B2- Red 
B3- Near 
Infrared 
B4- ShortWave 
Infrared (SWIR) 
B1: 0.50 – 0.59 
B2: 0.61 – 0.68 
B3: 0.78 – 0.89 
B4: 1.58 – 1.75 
Wet 
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4.2.2 Image Pre-processing 
 
The imagery acquired for the study transcended the area of interest. Images were 
windowed in IDRISI Kilimanjaro to cover a smaller area, which included the 
boundaries of the AENP. The specific boundaries of the AENP were delineated 
using ArcGIS as explained earlier. Change detection depends largely on the 
accuracy and precision of geometric registration of multi-temporal remote sensing 
data sets, making image-to-map and image-to-image rectification error a priority 
(Lunetta and Elvidge, 1999). Georeferencing is a process whereby images are 
reprojected or transformed from one coordinate system to another (Gao, 2009). 
Each image was georeferenced using the IDRISI Kilimanjaro RESAMPLE module. 
Identifiable points (eg. road crossings) on all the satellite images were located and 
were used as ground control points (GCPs) for georectification. The initial 
coordinates of the GCPs were obtained from Google Earth imagery. The coordinates 
were validated during field observations in the AENP. Once the GCPs were recorded 
the best fit equation between the reference systems was calculated using the 
nearest neighbour function. Each image was projected to the Latitude Longitude 
coordinate system. RESAMPLE produces a table showing root mean square error 
(RMS), representing errors of each GCP. The GCP with the highest RMS error was 
then eliminated. The process of removing GCPs with the highest RMS error then 
continued until the RMS error was below 0.05. 
Radiometric correction was then conducted using IDRISI Kilimanjaro’s CALIBRATE 
module. Since post-classification is carried out in this study atmospheric correction 
was not conducted, as post-classification compensates for differences in 
atmospheric conditions and vegetation phenology between dates (Coppin et al., 
2004 and Yuan et al., 2005). 
4.2.3 Calculating the NDVI  
 
The Normalized Difference Vegetation Index (NDVI) was calculated in IDRISI 
Kilimanjaro using band 3 and band 4 of the Landsat and SPOT imagery. The 
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VEGINDEX module in IDRISI Kilimanjaro was used to create the NDVI images used 
for this study. NDVI as the most widely used vegetation index and is an important 
tool to investigate the interactions between vegetation and animal activity (Beck et 
al., 2008). The NDVI developed by Rouse et al., (1974) was calculated using the 
following formula:  
NDVI = (NIR-R) / (NIR+ R) 
Where: 
NIR= Near infrared band 
 and R = Red band 
This vegetation index is used for studies analysing vegetation changes within semi-
arid environments (Harris and Asner, 2003; Jensen, 2005). The index is appropriate 
for vegetation change detection, as it monitors seasonal and inter-annual changes in 
vegetation and it reduces various forms of noise eg. atmospheric effects, cloud 
shadows, sun illumination differences and topographic variations (Jensen, 2005). 
The Soil Adjusted Vegetation Index (SAVI) is equally appropriate for vegetation 
change analysis in semi-arid environments, as it minimises soil noise from bare 
surfaces. Huete and Jackson (1988) found that SAVI accounted for first-order soil–
vegetation interactions better than the NDVI. The SAVI incorporates a correction 
factor into the NDVI equation that varies with the density of the vegetation. However, 
the NDVI is more appropriate for AENP conditions, as soil noise from bare areas is 
not pronounced and thicket vegetation cover is abundant, unlike more semi-arid 
conditions, which are characterised by considerable noise from bare soil surfaces.  
 
4.2.4 Image Classification 
 
Images in this study were classified using the supervised classification option.   
When prior knowledge of the land cover of the study area is known, supervised 
classification is most suitable (Gao, 2009). Unsupervised classification on the other 
hand represents spectral clusters which do not necessarily represent classes on the 
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ground. Unlike the supervised classification approach, the classes that result from 
unsupervised approaches are spectral, not informational classes and their identity 
will not be initially known. The derived spectral classes may not match the 
informational classes that the user wants to derive. Supervised classification method 
uses training sites which represent homogeneous examples of known land cover 
types. The classification process was conducted using the MAXLIKE module in 
IDRISI. Training sites were created for each land cover class on the basis of which 
images were classified. The training sites were based on NDVI images, composites 
and prior knowledge of the area (Landman Per commun., 2011).Land cover classes 
designated were: intact thicket (Figure 4.2), transformed thicket (Figure 4.3), 
degraded thicket (Figure 4.4) and bare ground. After training sites were created, 
signatures describing the statistical characteristics of each land cover class were 
extracted using the MAKESIG module (Eastman, 2003).  A classifier was then 
applied to assess the likelihood of each pixel belonging to a specific land cover 
class. The hard classifiers used by IDRISI are: Minimum Distance to Means 
(MINDIST), Parallelepiped (PIPED), Maximum Likelihood (MAXLIKE), Artificial 
Neural Network (NEURALNET) and Linear Discrimination Analysis (FISHER). 
MAXLIKE is the classifier which is the most widely used to classify remotely sensed 
data (Kotzé and Fairall, 2006; Gao, 2009; Peijun et al., 2010) was used for image 
classification in this study.  
According to Jensen (2005), no classification method is superior to another. 
Although object-oriented classification has significant advantages over pixel based 
classification (See chapter 3.7.2), pixel based classification was applied, as software 
for object-oriented classification was not available. Notwithstanding the advantages 
of object-oriented classification, pixel based classification still provides reliable 
results.  
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Figure 4.2: Intact Thicket 
 
 
Figure 4.3: Transformed Thicket 
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Figure 4.4: Degraded Thicket 
4.2.5 Accuracy Assessment 
 
Accuracy assessment was conducted for all classified images using IDRISI 
Kilimanjaro’s ERRMAT function. This process involved identifying features between 
1973 and 2010 that are still visible on the most recent satellite images. In addition to 
this, land cover classes (intact thicket, transformed thicket, degraded thicket, 
bareground and waterbodies) were identified on Google Earth imagery and 
composites. Coordinates collected from the various identifiable sites, using aerial 
photographs and higher resolution imagery were converted into shapefiles. These 
shapefiles were then overlaid on the composite image (ground truth image) created 
and a new image was classified based on the selected coordinates. This resulted in 
new classified images based on the ground truth images. The ground truth image 
and the classified image for each year were used to create an error matrix. The 
overall accuracy was then calculated for each image.  
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The accuracy assessment for this study was based on producer accuracy, user 
accuracy and The Kappa Index analysis. The producer accuracy refers to pixels that 
were assigned to the incorrect class. User accuracy refers to the allocation of pixels 
to the classified map, which actually represents the pixels on the ground. The Kappa 
Index analysis is a measure of accuracy between the classified map and reference 
data (ground truth image). It is essential to present all three accuracy assessment 
measures, as each measure provides unique details about the classification process 
(Jensen, 2005). 
 
4.2.6 Profiling vegetation gradients 
 
Elephant water demand creates severe vegetation degradation around water points. 
Vegetation around these water points is depleted and grazing gradients are created. 
Multi-date satellite imagery and vegetation indices such as NDVI enable vegetation 
degradation along these grazing gradients to be analysed (Harris and Asner, 2003).  
The IDRISI Kilimanjaro PROFILE module was used to profile vegetation gradients 
from the Nyathi, Hapoor, Spekboom and Miriamberee water points selected for this 
study. One kilometre buffers were created around each water point to determine the 
extent for profiling (Figure 4.5). The PROFILE module required a raster image 
defining the points of interest (water points) and a time series file containing all 
images to be analysed. Profiling considered change over time and space. The 
vegetation gradients were analysed using average NDVI over time. 
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Figure 4.5: Buffers around water points. 
 
4.3 Change Detection Analysis 
 
Change detection analysis using multi-temporal imagery provides various techniques 
to study changes of the same area at different times. Each technique brings a unique 
contribution to each field of study. The post-classification change detection approach 
is the most common method used to detect changes in vegetation. It analyses 
classified images between different dates independently, which is a major advantage 
(Singh, 1989). Post-classification accuracy depends on images with near 
anniversary dates to minimize seasonal differences (Campbell, 2002 and Gao, 
2009). 
Changes in land cover classes between 1973 and 2010 were assessed by using the 
change in area and cross-classification. Changes in the spatial extent of land cover 
classes were assessed using the AREA Module in IDRISI Kilimanjaro. This produces 
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results showing how much each land cover class has changed between different 
years. The IDRISI Kilimanjaro’s CROSSTAB module was used to perform the 
change detection process. The CROSSTAB module presents “from-to’’ results. For 
the 1977 and 1984 Park expansion, images from 1973 and 1986 were compared. 
Images from 1986 and 1999 were compared for the 1994 Park expansion. For the 
2000 Park expansion, images from 1999, 2002 and 2010 were compared. Post-
classification change detection was then followed by landscape fragmentation 
analysis, described in the section below. 
 
4.4 Landscape Fragmentation 
 
The analysis of landscape metrics entailed the calculation of the Number of patches 
(NP), Largest Patch Index (LPI) and Landscape Shape Index (LSI). The resultant 
classified images for 1977, 1984, 1994 and 2000 Park expansion were then used to 
analyse landscape metrics using Patch Analyst, a FRAGSTATS interface in ArcGIS 
9.2 (Figure 4.3). This spatial pattern analysis interface was used in this study to 
compute class level metrics, which were used to analyse land fragmentation. For the 
purpose of this study, three landscape metrics were selected to describe 
fragmentation as the AENP expanded for elephant activity. These metrics are 
described in Table 4.2 below. Figure 4.6 shows the FRAGSTATS Patch Analysis 
Interface.  
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Table 4.2: Landscape metrics of FRAGSTATS 3.3 ® users guide (adapted from Mc 
Garigal et al., 2002) used in this study: 
 Description  Units Range 
Number of 
Patches (NP) 
NP represents the number of patches 
within each class. 
None NP≥1, 
without 
limit. 
Largest 
Patch Index 
(LPI) 
 
LPI finds the largest patch in each land 
use class in a given area. This index is 
expressed as a percentage to the total 
landscape area. 
Formula: 
 
aij = Area patch ij 
A = Total landscape area (m2) 
Percentage 0<LPI≤100 
Landscape 
Shape Index 
(LSI) 
LSI measures clumpiness and 
aggregation. 
Formula: 
 
Ei = total length of edge (or perimeter) of 
class i in terms of cell surfaces, includes 
all landscape boundary and background 
edge segments involving class i. 
Min ei = minimum total length of edge 
(or perimeter) of class i in terms of 
number of cell surfaces. 
None  LSI≥1, 
without limit 
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Figure 4.6:  Patch Analysis - FRAGSTATS Interface  
 
4.5 Field Surveys 
 
Due to the danger of wild animals in the AENP, field verification was conducted from 
a vehicle. National Park Management prohibits conducting fieldwork on foot within 
the AENP. Areas of interest were identified from the imagery and reference points 
within these areas were identified. Once in the field, these reference points were 
identified using a GPS and fieldmapper. Observations made in the field were based 
on vegetation condition and designated classes (i.e. intact thicket, transformed 
thicket, degraded thicket and bare ground). The selected water points for this study 
were visited to gain insights into the extent of thicket degradation in the vicinity. 
Photographs were taken to validate the present condition of thicket. Fieldwork for 
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this study was purely for field verification purposes, as on site measurements were 
beyond the scope of this study. 
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CHAPTER 5: RESULTS 
 
5.1 Introduction 
 
The results of the temporal and spatial trends in thicket condition in relation to Park 
expansion are presented in this chapter. A classification accuracy assessment of the 
imagery is presented first as a basis for establishing the reliability of the temporal 
and spatial trends of thicket condition. Classified imagery illustrating new areas of 
Park expansion are presented and cover change for the respective expansion dates 
is quantified. Cross tabulation results showing the spatial distribution of classes and 
changes in these classes are presented. Changes in botanical reserves over time 
and vegetation gradients around specific water points are also presented. 
 
5.2 Classification Accuracy Assessment  
 
The reliability of the temporal and spatial trends of thicket condition presented in this 
chapter is dependent on the classification accuracy of the imagery. This is presented 
by overall accuracy and Kappa Index of Agreement (KIA).The ERRMAT module in 
IDRISI Kilimanjaro provides a reliable assessment of classification accuracy, by 
means of the Kappa Index of Agreement. Classification accuracy assessment is 
considered significant if KIA is greater than 0.70. According to results obtained 
overall accuracies ranged between 0.854 and 0.902 and KIA between 0.724 and 
0.855. A summary of overall accuracies and KIA for 1973, 1986, 1999, 2002 and 
2010 are presented in the table (Table 5.1) below. Given the KIA values obtained the 
classification accuracy is reliable (Jensen, 2005). A full error matrix for each year is 
presented in Appendix A. 
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Table 5.1: Accuracy assessment summary - 1973 to 2010: 
Year Overall Accuracy KIA 
1973 0.888 0.798 
1986 0.902 0.855 
1999 0.859 0.724 
2002 0.854 0.736 
2010 0.898 0.777 
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5.3 Temporal changes in vegetation condition with Park expansion. 
 
Imagery between the years of expansion was classified using the supervised 
classification method and was based on four land cover classes namely: intact 
thicket, degraded thicket, transformed thicket and bare ground. These are shown in 
Figures 5.2 to 5.11 and Figures 5.41 to 5.45. The figure below (Figure 5.1) shows 
the different years of Park expansion. It provided a benchmark against which thicket 
condition within the AENP could be analysed. 
 
Figure 5.1: Park extension between 1955 and 2000. 
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Figure 5.2 to 5.11 are classified images illustrating new areas of Park expansion 
between 1973 and 2010. The figures highlight specific changes to vegetation 
condition after the respective expansion periods. By means of arrows degraded 
areas related to the specific expansion periods are highlighted. 
  
 
 
 
Figure 5.2: Supervised classification for 1973 representing the 1977 expansion of the 
AENP.
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Figure 5.3: Supervised classification for 1986 representing the 1977 expansion of the 
AENP.    
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Figure 5.4: Supervised classification for 1973 representing the 1984 expansion of the 
AENP. The blue arrows show healthy thicket vegetation at the time of expansion. 
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Figure 5.5: Supervised classification for 1986 representing the 1984 expansion of the 
AENP. Black arrows show the degraded vegetation related to the 1984 expansion. 
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Figure 5.6: Supervised classification for 1986 representing the 1994 expansion of the 
AENP. The blue arrows show healthy thicket vegetation at the time of expansion. 
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Figure 5.7: Supervised classification for 1999 representing the 1994 expansion of the 
AENP. Black arrows show the degraded vegetation related to the 1994 expansion. 
 
 
 
 
Degraded 
Vegetation 
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Figure 5.8: Supervised classification for 1999 representing the 2000 expansion of the 
AENP. The blue arrows show healthy thicket vegetation at the time of expansion. 
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Figure 5.9: Supervised classification for 2002 representing the 2000 expansion for 
the AENP. Black arrows show the degraded vegetation related to the 2000 
expansion. 
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Figure 5.10: Supervised classification for 2002 representing the 2000 small 
expansion area for the AENP. The blue arrow shows healthy thicket vegetation. 
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Figure 5.11: Supervised classification for 2010 representing the 2000 small 
expansion area for the AENP. The black arrow shows degraded vegetation. 
 
 
By visual inspection, the following can be noted: A clear change in vegetation 
condition can be seen with the 1984 expansion section between 1973 (Figure 5.4) 
and 1986 (Figure 5.5), where intact thicket changed to degraded thicket and bare 
ground. Between 1986 (Figure 5.6) and 1999 (Figure 5.7) areas of thicket 
degradation can be seen within the 1994 expansion. Within the 2000 expansion of 
the AENP, change in vegetation condition between 1999 (Figure 5.8) and 2002 
(Figure 5.9) can be noted. Here intact thicket has changed to degraded thicket. 
Lastly, the small section covering the 2000 expansion show intact and transformed 
thicket changed to degraded thicket between 2002 (Figure 5.10) and 2010 (Figure 
5.11). 
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The area occupied by each land cover class before and after the expansion was 
conducted using the AREA module in IDRISI Kilimanjaro. This enabled change in 
thicket condition as new areas of the AENP opened for elephant activity to be 
assessed. Figure 5.12 to 5.16 show trends in increased thicket degradation as new 
areas were opened.  
 
 
 
Figure 5.12: Change in vegetation condition between 1973 and 1986 (1977 
expansion). 
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Figure 5.13: Change in vegetation condition between 1973 and 1986 (1984 
expansion). 
 
Figure 5.14: Change in vegetation condition between 1986 and 1999 (1994 
expansion) 
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Figure 5.15: Change in vegetation condition between 1999 and 2002 (2000 
expansion). 
 
Figure 5.16: Change in vegetation condition between 2002 and 2010 (small 2000 
expansion). 
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There was a decrease of 8% intact thicket within the 1977 expansion section of the 
AENP. Transformed thicket increased by 3% and degraded thicket increased by 4% 
(Figure 5.12).  Intact and transformed thicket decreased by 9% and 4% respectively 
after the 1984 expansion of the AENP (Figure 5.13). After the 1994 expansion, intact 
thicket decreased by 6% and transformed thicket increased by 7% (Figure 5.14). 
After the 2000 expansion, intact thicket decreased by 6% (Figure 5.15). Degraded 
thicket has increased by 13% between 2002 and 2010. Intact and transformed 
thicket between 2002 and 2010 has decreased by 3% and 12% respectively (Figure 
5.16). 
Change in vegetation condition as new areas were opened for elephant activity is 
further explored by the cross classification procedure, which is explained in the next 
section. 
5.4 Cross Classification Results 
 
Cross classification analyses the spatial distribution of classes and the cover 
changes in these classes. The cross classification land cover changes for the 
expansion of AENP between 1973 and 2010 are shown in Table 5.2 to Table 5.6. 
For the 1977 expansion, the intact thicket class changed to transformed thicket by 
30% and to degraded thicket by 1 %. Transformed thicket was converted to 8% of 
degraded thicket (Table 5.2). Table 5.3 shows that the largest portion of intact thicket 
for the 1984 expansion was converted to transformed thicket by 25% and 8% was 
converted to degraded thicket.  After the 1994 expansion, 4% of intact thicket was 
converted to transformed thicket. Transformed thicket was converted to 0.4% of 
degraded thicket. (Table 5.4) After the 2000 expansion, the largest portion of intact 
thicket was converted to 5% of transformed thicket and 1% of degraded thicket. 
Transformed thicket was converted to 0.2% of degraded thicket (Table 5.5). 
According to Table 5.6, which shows cover changes between 2002 and 2010, 5.2% 
of intact thicket was converted to transformed thicket.   
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Table 5.2: Land cover changes between 1973 and 1986 (1977 expansion) 
Source To class 1973– 1986  
Area (%) 
Intact Thicket Transformed Thicket 30 
 Degraded Thicket 1 
 Bare ground 0 
Transformed Thicket Degraded Thicket 8 
 Bare ground 0.2 
Degraded Thicket Bare ground 47 
   
 
 
Table 5.3: Land cover changes between 1973 and 1986 (1984 expansion) 
Source To class 1973– 1986  
Area (%) 
Intact Thicket Transformed Thicket 25 
 Degraded Thicket 8 
 Bare ground 0.3 
Transformed Thicket Degraded Thicket 0.2 
 Bare ground 0.004 
Degraded Thicket Bare ground 0.1 
   
 
 
 
 
 
68 
 
 
Table 5.4: Land cover changes between 1986 and 1999 (1994 expansion). 
Source To class 1986 – 1999 
Area (%) 
Intact Thicket Transformed Thicket 4 
 Degraded Thicket 0.1 
 Bare ground 0.1 
Transformed Thicket Degraded Thicket 0.4 
 Bare ground 0.13 
Degraded Thicket Bare ground 51 
   
 
 
Table 5.5: Land cover change between 1999 and 2002 (2000 expansion). 
Source To class 1999 – 2002  
Area (%) 
Intact Thicket Transformed Thicket 5 
 Degraded Thicket 1 
 Bare ground 3 
Transformed Thicket Degraded Thicket 0.2 
 Bare ground 0.01 
Degraded Thicket Bare ground 11 
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Table 5.6: Land cover changes between 2002 and 2010 (2000 small expansion 
area). 
Source To class 2002 – 2010  
Area (%) 
Intact Thicket Transformed Thicket 5.2 
 Degraded Thicket 0 
 Bare ground 0 
Transformed Thicket Degraded Thicket 0.001 
 Bare ground 0 
Degraded Thicket Bare ground 86 
   
 
Changes in vegetation condition as new areas were opened up for elephant activity 
is also represented by spatial metrics, which is found in the section below. 
5.5 Landscape Metrics 
 
 Landscape metrics compliment change in vegetation condition and cross tabulation 
results, by presenting metrics on how each land cover class has been fragmented as 
the Park expanded. In this study spatial metrics is represented by NP, LPI and LSI. 
5.5.1 Number of patches 
 
Number of patches (NP) represents the number of patches within each class (Mc 
Garigal et al., 2002). An increase in NP indicates that the land cover class has 
become more fragmented over time. NP for intact thicket increased by 26, between 
1973 and 1986 in response to the 1977 expansion. NP for transformed thicket has 
increased by 16. The NP for degraded thicket decreased by 82 (Figure 5.17). After 
the 1984 expansion (Figure 5.18), NP for intact thicket increased by 139, 
transformed thicket increased by 794 and degraded thicket decreased by 152. For 
the 1994 expansion (Figure 5.19), NP for intact thicket increased by 87 and 
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degraded thicket decreased by 491. NP for the 2000 expansion (Figure 5.20) has 
decreased by 247 for transformed thicket and 522 for degraded thicket. Between 
2002 and 2010 (Figure 5.21), degraded patches decreased by 204, indicating that 
degraded patches expanded. 
 
 
 
Figure 5.17: Comparison of number of patches for 1973 to 1986 -1977 expansion. 
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Figure 5.18: Comparison of number of patches for 1973 to 1986 - 1984 extension. 
 
 
Figure 5.19: Comparison of number of patches for 1986 to 1999 - 1994 extension. 
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Figure 5.20: Comparison of number of patches for 1999 to 2002 - 2000 extension. 
 
 
Figure 5.21: Comparison of number of patches for 2002 to 2010 - 2000 small area 
extension. 
 
0 
500 
1000 
1500 
2000 
2500 
Intact Thicket Transformed Thicket Degraded Thicket Bare ground 
N
o
. o
f 
p
at
ch
e
s 
Vegetation Condition 
1999 
2002 
0 
200 
400 
600 
800 
1000 
1200 
Intact Thicket Transformed Thicket Degraded Thicket Bare ground 
N
o
. o
f 
p
at
ch
e
s 
Vegetation Condition 
2002 
2010 
73 
 
5.5.2 LPI 
 
The Largest Patch Index (LPI) locates the largest patch in each land use class for a 
particular area (Mc Garigal et al., 2002). A decrease in LPI indicates an increase in 
fragmentation and hence shows increased degradation. Figures 5.22 to 5.26 present 
changes in LPI.  
 
 
 
Figure 5.22: Comparison of Largest Patch Index for 1973 to 1986 - 1977 extension. 
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Figure 5.23: Comparison of Largest Patch Index for 1973 to 1986 -1984 extension. 
 
Figure 5.24: Comparison of Largest Patch Index for 1986 to 1999 - 1994 extension. 
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Figure 5.25: Comparison of Largest Patch Index for 1999 to 2002 - 2000 extension. 
 
Figure 5.26: Comparison of Largest Patch Index for 2002 to 2010 - 2000 small area 
extension. 
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Figure 5.22 reveals that the LPI for the 1977 expansion has decreased by 8% for 
intact thicket and increased by 9% for degraded thicket. The LPI for degraded thicket 
has increased by 9% after the 1984 expansion (Figure 5.23). Figure 5.24 reveals 
that the LPI for the 1994 expansion has decreased by 20% for intact thicket. The LPI 
for degraded thicket has increased by 14% after the 2000 expansion (Figure 5.25). 
Figure 5.26 reveals that the LPI has decreased by 5% for intact thicket and 
increased for degraded thicket by 40%. 
 
5.5.3 LSI 
 
LSI is a measure of land cover class aggregation and fragmentation (Mc Garigal et 
al., 2002). There is an increase in LSI as fragmentation increases. Intact thicket for 
the 1977 expansion shows an increase of 7% in LSI, hence indicating an increase in 
fragmentation of this land cover class. Degraded thicket showed a decrease of 6% 
(Figure 5.27). LSI for the 1984 expansion shows that both intact and degraded 
thicket increased by 2% (Figure 5.28). Intact thicket for the 2000 expansion shows 
increased fragmentation, as the LSI value increased by 3%. LSI value for 
transformed thicket decreased by 3%, which indicates the formation of more regular 
patches (Figure 5.30). The LSI for transformed thicket has decreased by 6% after 
the 2000 expansion for the small 2000 expansion area (Figure 5.31).  
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Figure 5.27: Comparison of Landscape Shape Index for 1973 to 1986 - 1977 
extension. 
 
Figure 5.28: Comparison of Landscape Shape Index for 1973 to 1986 - 1984 
extension. 
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Figure 5.29: Comparison of Landscape Shape Index for 1986 to 1999 - 1994 
extension. 
 
Figure 5.30: Comparison of Landscape Shape Index for 1999 to 2002 - 2000 
extension. 
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Figure 5.31: Comparison of Landscape Shape Index for 2002 to 2010 - 2000 small 
area extension. 
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5.6 Vegetation Gradients Around Water Points 
 
A general trend of vegetation degradation around water points such as Nyathi, 
Hapoor, Spekboom and Miriamberee was assessed. Thicket condition around these 
water points has progressively diminished with distance from the water points since 
1973. Vegetation condition around the water points shows degraded vegetation 
within close proximity of the water point and vegetation increases as the gradient 
increase away from the water point. Overall trends reveal that vegetation increases 
away from the water points, with low NDVI values around water points and higher 
NDVI values further away. Trends in vegetation change around Nyathi (Figure 5.32) 
and Hapoor (Figure 5.33) show that vegetation was degraded within a radius of 150 
and 75m respectively from the water point in 1973. This distance increased 
dramatically to 600m in 2010 at both water points. Vegetation conditions around 
Spekboom and Miriamberee (both established in the early 1980’s) fluctuate, with no 
clear vegetation gradient. Whereas degraded thicket was within the radius of 75m 
around Spekboom in 1986 (Figure 5.33), it extended to 250m in 2010. A drastic 
increase of 233% in terms of distance away from the water point is observed. An 
increase in vegetation gradient around Miriamberee (Figure 5.34) started at 100m in 
1986 and at 250m in 2010.   
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Figure 5.32: Nyathi Vegetation Gradients 
 
 
Figure 5.33: Hapoor Vegetation Gradients 
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Figure 5.34: Spekboom Vegetation Gradients 
 
Figure 5.35: Miriamberee Vegetation Gradients 
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As the AENP was expanded for elephant activity, thicket vegetation around water 
points has become severely degraded. Notwithstanding the negative impacts on 
thicket by elephants within AENP, vegetation condition with the botanical reserves 
has more or less remained constant, except in reserve 1. Vegetation condition within 
the botanical reserves is presented in the section below. 
 
5.7 Botanical Reserves 
 
In this study, it is hypothesised that botanical reserves have remained constant over 
time. The changes in thicket condition for botanical reserves 1, 2 and 3 are 
presented in the classified images (Figures 5.37 to 5.41). 
 
 
Figure 5.36: Botanical Reserves and Water Points. 
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Figure 5.37: Supervised Classification – Botanical Reserves1973. 
85 
 
 
Figure 5.38: Supervised Classification – Botanical Reserves 1986. 
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Figure 5.39: Supervised Classification – Botanical Reserves 1999. 
 
87 
 
 
 
Figure 5.40: Supervised Classification – Botanical Reserves 2002. 
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Figure 5.41: Supervised Classification – Botanical Reserves 2010. 
 
Botanical reserve 1 (Figure 5.42) indicates that intact thicket within the reserve was 
at its peak in 1984 with 251 hectares. Intact thicket decreased to 145 hectares in 
2002 and then increased to 184 hectares in 2010. Degraded thicket in botanical 
reserve 1 shows a decrease from 1973 (30 hectares) to 2010 (27 hectares). 
Botanical reserve 2 (Figure 5.43) indicates that intact thicket has increased over time 
and degraded thicket has remained constant. Intact thicket has increased from 68 
hectares in 1973 to 82 hectares in 2010. Transformed thicket decreased from 40 
hectares in 1973 to 26 hectares in 2010. Thicket condition for botanical reserve 3 
(Figure 5.44) has remained constant over time, with intact thicket ranging between 
320 and 335 hectares and degraded thicket ranging between 5 and 17 hectares. 
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The extent (in hectares) of the thicket condition categories is presented in Figures 
5.42 to 5.44 below. 
 
Figure 5.42: Vegetation Condition – Botanical Reserve 1 
 
Figure 5.43: Vegetation Condition – Botanical Reserve 2 
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Figure 5.44: Vegetation Condition – Botanical Reserve 3 
 
On the basis of the trends presented above, it can be said that vegetation condition 
within botanical reserves 2 and 3 has remained constant overtime. Botanical reserve 
1 however shows fluctuations in vegetation condition. The reasons for the 
fluctuations are discussed in the subsequent chapter. 
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5.8 Conclusion 
 
In this chapter, thicket degradation was analysed as new areas were opened up for 
elephant activity, by looking at the changes in area of land cover classes, cross 
classification and landscape fragmentation. Vegetation gradients were analysed to 
assess temporal trends in vegetation degradation around selected water points 
within the AENP. Vegetation condition within the three botanical reserves was also 
analysed. An expansion of vegetation degradation was confirmed as new areas of 
the AENP were opened up. The number of patches for intact thicket increased 
showing that this land cover class has become more fragmented over time. A 
decrease in LPI for intact thicket indicates that fragmentation has increased and that 
this land cover class has become less dominant as new areas were opened for 
elephant activity. The increase in LSI of intact thicket indicates that the landscape 
has become more fragmented over time. The results for both the post-classification 
and land fragmentation indicate an increase in degraded thicket as new areas were 
opened up for elephant activity. Areas of healthy vegetation which were degraded 
after new areas were opened for elephant activity have been identified and 
presented visually as well. A progressive degradation of thicket away from water 
points, within a radius of up to 600m was identified. Botanical reserve 1 shows a 
decrease in intact thicket over time. Vegetation condition within botanical reserves 2 
and 3 has remained constant over time. The results presented in this chapter are 
discussed in the following chapter. 
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CHAPTER 6: DISCUSSION AND CONCLUSION 
 
6.1 Introduction 
 
This study aimed to assess temporal and spatial trends in thicket degradation by 
elephants within the AENP, using multi-temporal satellite imagery. Trends in thicket 
degradation as new areas of the AENP were opened for elephant activity are 
discussed in this chapter. Trends in thicket condition as revealed by post-
classification and landscape metrics are also discussed. Thicket condition within 
botanical reserves and around water points is also discussed. Recommendations are 
made based on results obtained and research conducted. Directions for future 
research are suggested and a final conclusion is drawn. 
 
6.2 Thicket degradation within the AENP 
 
Post-classification change detection analysis indicates that intact thicket has 
decreased significantly between 1973 and 2010. A general trend of decrease in 
intact thicket and an increase in degraded thicket are observed as new areas of the 
AENP were opened for elephant activity during the period. All the areas of expansion 
analysed indicate an increase in degraded thicket. The increase in degraded thicket 
can be attributed to the increase of elephant numbers over time and their destruction 
of thicket. Trends of change observed therefore suggested that thicket has degraded 
as new areas were opened for elephant activity. According to Lombard et al. (2001), 
elephant impacts on vegetation will not be solved by Park expansion per se. The 
authors suggest that Park authorities should consider establishing botanical reserves 
in newly acquired land, prior to introducing elephants, minimizing further loss of 
important plant species. The results show that thicket condition within the AENP has 
undergone considerable strain since it expanded in 1977 and that thicket 
degradation is a continuing trend. Visual inspection of classification images also 
indicates that areas with healthy thicket vegetation got degraded once they were 
opened up for elephant activity. 
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Various studies (Lombard et al., 2001; Cowling and Kerley, 2002; Landman et al., 
2008) have also pointed out that thicket degradation within the AENP is severe. 
Considering the continued growth in elephant density (Figure 3.1), thicket 
degradation is set to continue. Lombard et al. (2001), point out that these high 
elephant densities affect vegetation sustainability within the Park and impact the 
unique biodiversity of the AENP.  According to Kerley and Landman (2006), the 
AENP is the only current example where the extinction of endemic plants could be 
driven by elephant impacts. They therefore suggest that elephant management on 
Subtropical Thicket is an issue of concern and requires urgent attention. 
6.3 Landscape Metrics 
 
 Landscape metrics presented in this study, complimented change in vegetation 
condition and cross tabulation results. Land fragmentation is linked to land 
degradation, giving more insight into the fragmentation of intact thicket. In this study, 
post-classification analyses were complimented by landscape metrics, in order to 
gain an understanding of the extent to which thicket vegetation has got fragmented 
over the study period. The integration of landscape metrics in this study provided 
increased insight into thicket fragmentation trends. The metrics (NP, LPI and LSI) 
used for this study show that thicket condition has become fragmented over time. An 
increase in the NP and LSI, together with a decrease in LPI suggests increased 
thicket fragmentation, transformed thicket and an expansion of bare areas. 
Landscape metric analyses also revealed that the NP for intact thicket increased as 
new areas were opened for elephant activity. The most significant increase of the NP 
within the intact thicket land cover class is that of 251 patches for the 2000 
expansion between 1999 and 2002 (Figure 5.20). Transformed thicket for the 1984 
expansion also indicated a significant increase in NP, where patches have increased 
by 794 (Figure 5.13). This indicates that this land cover class has experienced 
severe fragmentation between 1973 and 1986. A decrease of 20% in the LPI after 
the 1994 expansion suggests that intact thicket has become considerably more 
fragmented between 1986 and 1999 (see Figure 5.19). The most significant increase 
in LSI within the intact thicket land cover class was for the1977 expansion when LSI 
increases by 7% (Figure 5.22). Landscape fragmentation analyses have served to 
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validate post-classification based change quantification. Whereas the latter analyses 
show a decrease in intact thicket over time, the former show an increase in 
fragmentation. Studies by Ndlela (2010) and Mhangara (2011) also carried out 
landscape metric analyses. They found that increased fragmentation is a clear 
indicator of land degradation. Studies by Barratt and Hall-Martin, 1991; Stuart-Hill 
1992; Lombard et al., 2001; Knight et al., 2003 and Powell 2009, also reveal thicket 
degradation within the Subtropical Thicket region of the Eastern Cape. The present 
study has revealed that intact thicket got fragmented and degraded as new areas 
were opened up for elephant activity.  
 
6.4 Vegetation Gradients 
 
A trend in change of vegetation gradients is noted around the water points chosen 
for this study. Vegetation in close proximity to the water points is degraded and a 
progressive diminution of thicket vegetation with distance from water points was 
identified from the temporal buffer analyses. This is an expected result, as elephants 
utilize these water points daily, impacting the surrounding vegetation by feeding, 
trampling and crushing the vegetation. A study by Baxter (2003) also illustrates that 
vegetation degradation increases with distance towards water points.  Thrash (1998) 
showed that high elephant densities in the Kruger National Park put pressure on 
vegetation close to the water points, which results in poor vegetation condition. 
 Trends in vegetation condition around Nyathi and Hapoor show that in 1973, 
degraded thicket was within a radius of 150 and 75 m respectively from the two 
water points. The dramatic increase to 600 m in 2010 denotes an overconcentration 
of elephants at these water points. Around Spekboom, degraded vegetation was 
within a radius of 75m from the water point in 1986, but expanded to 250 m in 2010. 
An increase in the vegetation gradient around Miriamberee was at 100 m in 1986, 
but extended to 250 m in 2010. Degradation of vegetation around Nyathi (Figure 
6.1), Hapoor (Figure 6.2) and Miriamberee (Figure 6.3) was observed during 
fieldwork. 
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Figure 6.1: Nyathi Water Point 
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Figure 6.2: Hapoor Water Point 
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Figure 6.3: Miriamberee Water Point 
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6.5 Botanical Reserves 
 
Thicket condition for botanical reserve 1 (Figure 6.4) fluctuates with a sharp peak 
from 1973 to 1986 and then a sharp decrease from 1986 to 2002. The fluctuations 
within this botanical reserve could be attributed to the fact that, although elephants 
are not found within the reserve, people within the Addo community have access to 
the resources within reserve (Landman Pers. commun., 2011). Within botanical 
reserve 2, intact thicket shows a slight increase over time, representing the most 
dominant land cover class. Thicket condition remains constant within botanical 
reserve 3 (Figure 6.5), with intact thicket being the dominant land cover class. 
Thicket condition within botanical reserve 2 and 3 has remained healthy over time. 
Temporal trends for thicket condition within botanical reserves 2 and 3 agree with the 
hypothesis that, ‘vegetation condition within the botanical reserves has remained 
constant over time’. Lombard et al. (2001) state that botanical reserves within the 
AENP are vital benchmarks for normal thicket condition. They further suggest that 
Park authorities establish more botanical reserves in newly attained land. These 
should be set up before elephant re-population. 
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Figure 6.4: Thicket condition – Botanical Reserve 1. 
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Figure 6.5: Thicket Condition -Botanical Reserve 3. 
 
6.6 Evaluation of remote sensing techniques  
 
This study demonstrates that remote sensing techniques play an important role in 
monitoring change in vegetation condition over time. Supervised classification, post-
classification techniques and landscape metrics were applied to analyse the change 
in thicket condition between 1973 and 2010. Remote sensing provides a convenient 
tool to analyse change in vegetation condition (Dyring, 1973; Jensen, 1983; 
Goodchild, 1994; Campbell, 2006; Kotzé and Fairall, 2006). 
Supervised classification used for this study provided both advantages and 
disadvantages. An advantage was the allocation of land cover classes representing 
homogenous areas using training sites. Irrespective of pixels being within or outside 
these training sites, pixels were assigned to a class with the highest likelihood.   A 
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weakness of supervised classification is the allocation of pixels which were not 
represented by any training site. Supervised classification also disregards the spatial 
pattern in classification. The Maximum Likelihood Classification Method is limited by 
using only spectral information, while ignoring texture and contextual information 
(Zhou and Robson, 2001). Supervised classification uses single pixels rather than 
objects, unlike the case with object-oriented classification. Object-oriented 
classification uses objects consisting of many pixels, which are grouped together by 
image segmentation (Shackelford and Davis, 2003). Image segmentation provides 
spatial information of the segmented objects, which improves classification accuracy 
(Qian et al., 2007). Object-based classification uses object shape characteristics and 
neighbourhood relationships in addition to spectral and textual information used by 
pixel based classification (Shackelford and Davis, 2003). A major advantage of 
object-oriented classification is that it produces patches or polygons (Gao, 2009), 
which are useful for landscape metrics (Qian et al., 2007). However it was not 
possible to acquire software for object-oriented analyses for the present study. That 
notwithstanding, pixel based classification provides useful and reliable results 
(Shackelford and Davis, 2003; Whiteside and Ahmad, 2005; Qian et al., 2007) as 
presented in this study. 
Although no map could ever be an exact replicate of the real world (van Cauter et al., 
2005), the accuracy assessment levels for the imagery used in this study are high. 
Nonetheless, the classification was still subject to error, as indicated by the error 
matrix in APPENDIX A. Difficulties were encountered with the Landsat MSS low 
resolution images, as it was difficult in some cases to distinguish between land cover 
classes. An attempt was however made to minimise issues relating to differences in 
spatial resolution between Landsat MSS, Landsat TM and SPOT. 
 
Post-classification is considered the most reliable technique when detecting changes 
in landscapes (Singh, 1989; Lunetta and Elvidge, 1999; Jensen, 2005; Yuan et al., 
2005). According to Ahlqvist (2008) post-classification change detection provides 
insightful and dependable results for land cover change monitoring. This technique 
uses independently classified images for different dates acquired and produces 
valuable “from-to” results (Jensen, 2005 and Yuan et al., 2005). By classifying 
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images independently, the problem of normalizing for sensor and atmospheric 
differences between imagery dates is minimized (Singh, 1989; Yuan et al., 2005). 
The method is advantageous in that, the results obtained from the “from-to” change 
detection analysis demonstrate which land cover class changed into another land 
cover class in terms of area. In the present study, the results produced by the post-
classification procedure are based on the high accuracy levels obtained for 
supervised classification images between 1973 and 2010. High classification 
accuracy is important to post-classification, as errors in the early classification stages 
influence results produced for change detection (Yuan et al., 2005; van Oort, 2007). 
This technique successfully differentiated between the four land cover classes within 
the study area, enabling the assessment of changes in these land cover classes. 
The results obtained from post-classification clearly reveal that areas of healthy 
thicket cover prior to the expansion became degraded as they were exposed to 
elephant activity. This is especially true when comparing areas of thicket before and 
after exposure to elephants. The study also demonstrated that spatial metrics serve 
as a clear validation of the post-classification based change quantification. 
 
 The incorporation of landscape metrics in this study led to a better understanding of 
thicket degradation trends. Individual spatial metrics vividly demonstrate the degree 
to which vegetation cover has become fragmented. The increased fragmentation 
process over time was reflected by increases in the NP and LSI and decreases in 
LPI.  
Remote sensing techniques in this study have provided an effective tool to analyse 
changes in thicket condition as new areas in the AENP were opened for elephant 
activity. A major advantage of remote sensing is its ability to analyse vast 
geographical areas in a temporal framework, enabling the monitoring of resource 
condition. Temporal remotely sensed data enabled vegetation condition to be 
analysed as far back as 1973. It has also enabled the analysis of inaccessible areas 
within the AENP, permitting a holistic assessment of thicket vegetation degradation 
trends. With improved remote sensing techniques such as object-oriented 
classification and higher resolution images, monitoring and managing of vegetation 
condition within the AENP can be improved. 
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6.7 Recommendations 
 
The following recommendations are made based on the results obtained: 
 Remote sensing should be used as a key investigative tool when analysing 
changes in vegetation, as it provides a continuous source of temporal change 
data. The use of remote sensing can assist with thicket clump restoration by 
applying “target monitoring” for timeous identification of potential degradation 
hotspots. 
 Park authorities should establish botanical reserves in newly acquired land, 
prior to elephant occupancy.    
 
 As culling to reduce elephant numbers is not an option, translocation and 
contraception are recommended. 
6.8 Directions for future research 
 
The use of remote sensing in this study has shown that spatial and temporal trends 
in vegetation condition can be successfully monitored. 
The present study which is based on the analysis of moderate resolution imagery 
provided a general picture of the general degradation trends. It should therefore 
serve as a springboard to identify potential thicket degradation hotspots which could 
be investigated at a finer scale, using high resolution imagery and field surveys. 
There is a need to isolate elephant impacts on vegetation changes with the AENP. 
Areas of concern can be monitored by combining high resolution imagery and 
ground work.  The use high resolution imagery and ground work will enable a better 
understanding of elephant effects on vegetation. 
This study used a ‘per-pixel’ supervised classification technique to classify images 
using IDRISI Kilimanjaro, as this was the only remote sensing software available. 
Object-oriented classification which is incorporated in IDRISI Taiga and Definiens 
Developer is recommended for future studies, as the results produced can bring to 
the fore much finer detail, particularly when high resolution imagery is used. 
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It is suggested that future research include rainfall data as part of the analysis 
process, as it was beyond the scope of this study. This will aid a better 
understanding of thicket degradation trends related to other phenomena, other than 
elephant activity within the AENP. 
 
6.9 Conclusion 
 
This study has provided insights into the spatial and temporal trends of thicket 
degradation in relation to the expansion of AENP between 1973 and 2010. This was 
achieved by analysing degradation of thicket in relation to Park expansion. 
Vegetation condition around water points and thicket condition within botanical 
reserves over time was also assessed.  A progressive decrease in intact thicket and 
an increase in degraded thicket are observed as new areas of the AENP were 
opened for elephant activity. Landscape metric analyses also reflect the degradation 
of thicket over time. Thicket vegetation within close proximity of the water points has 
degraded over time, with Nyathi and Hapoor identified as the most affected water 
points. Whereas thicket condition in botanical reserves 2 and 3 remained constant 
over time, botanical reserve 1 displayed fluctuating vegetation conditions. Based on 
the analysis of this study, it can be concluded that thicket within the AENP has 
experienced a continuous decline over the past 38 years. Considering the current 
elephant densities, thicket degradation within AENP is set to continue, causing a 
continued threat to the Thicket biome.  
 
Against the background of the findings of this study, the first component of the 
hypothesis that “thicket degradation has spread as new areas of the AENP opened 
for elephant grazing”, has been accepted. The second component of the hypothesis 
that “thicket condition in botanical reserves has remained constant” is true with 
respect to botanical reserve 3. Botanical reserve 1 showed fluctuations in thicket 
condition and botanical reserve 2 registered an increase in intact thicket over time. 
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This study has achieved all the objectives set out in chapter 1, such that: 
 Thicket condition in relation to AENP expansion was assessed before and 
after each year of expansion. This was achieved by analysing sequential 
imagery using post-classification change detection techniques, cross 
classification and landscape fragmentation metrics. 
 Vegetation gradients around the water points were analysed using the 
PROFILE module in IDRISI. A progressive diminution of thicket vegetation 
with distance from water points has been identified. 
 Temporal trends in thicket condition within the botanical reserves were 
analysed by using sequential imagery. Thicket condition in botanical reserves 
1, 2 and 3 fluctuated, registered an increase in intact thicket and remained 
constant respectively. 
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APPENDICES 
Appendix A: 
 Accuracy Assessment Error Matrix – 1973 
User/ 
Reference 
Class 
Intact 
Thicket 
Transformed 
Thicket 
Degraded 
Thicket 
Bare 
ground 
Water 
bodies  
Total 
Intact 
Thicket 
1595323             169019 0 0 15 1764357 
Transformed 
Thicket 
77    1502188 112371 0 0 1614636 
Degraded 
Thicket 
0 69 695981 452697 0 1148747 
Bare ground 0 0 0 105891          0 105891 
Water 
bodies 
1593        132 0 23 333721 335469 
Total 1596993    1671408 808352 558611 333736  
       
Producer 0.999 0.899 0.861 0.810 1  
User 0.904 0.930 0.606 1 0.995  
       
Overall 
Accuracy 
0.888      
KIA 0.798      
       
 
Accuracy Assessment Error Matrix – 1986 
User/ 
Reference 
Class 
Intact 
Thicket 
Transformed 
Thicket 
Degraded 
Thicket 
Bare 
ground 
Water 
bodies  
Total 
Intact 
Thicket 
1483705 70088 0 0 0 1553793 
Transformed 
Thicket 
151 1198253 39562 113 0 1238079 
Degraded 
Thicket 
0 196145 700067 19182 0 915394 
Bare ground 0 9423 203639 1026062 6 1239130 
Water 
bodies 
256 0 0 0 22448 22704 
Total 1484112 1473909 943268 1045357 22454  
       
Producer 0.999 0.813 0.742 0.982 0.999  
User 0.955 0.968 0.765 0.828 0.989  
       
Overall 
Accuracy 
0.902      
KIA 0.855      
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Accuracy Assessment Error Matrix – 1999 
User/ 
Reference 
Class 
Intact 
Thicket 
Transformed 
Thicket 
Degraded 
Thicket 
Bare 
ground 
Water 
bodies  
Total 
Intact 
Thicket 
1380968 103019 0 0 85 1484072 
Transformed 
Thicket 
135 966846 644447 0 0 1611428 
Degraded 
Thicket 
0 0 724862 277675 0 1002537 
Bare ground 0 0 7992 841987 0 849979 
Water 
bodies 
0 6 28 2 21048 21084 
Total 1381103 1069871 1377329 1119664 21133  
       
Producer 0.999 0.904 0.526 0.752 0.996  
User 0.931 0.599 0.723 0.991 0.998  
       
Overall 
Accuracy 
0.859      
KIA 0.724      
       
 
Accuracy Assessment Error Matrix – 2002 
User/ 
Reference 
Class 
Intact 
Thicket 
Transformed 
Thicket 
Degraded 
Thicket 
Bare 
ground 
Water 
bodies  
Total 
Intact 
Thicket 
905927 540 0 0 0 906467 
Transformed 
Thicket 
361141 790502 995 143 344 1153125 
Degraded 
Thicket 
0 507975 1032268 13050 0 1553293 
Bare ground 0 0 105164 1229408 28 1334600 
Water 
bodies 
10 0 0 1 21604 21615 
Total 1267078 1299017 1138427 1242602 21976  
       
Producer 0.715 0.609 0.907 0.989 0.983  
User 0.999 0.686 0.665 0.921 0.999  
       
Overall 
Accuracy 
0.854      
KIA 0.736      
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Accuracy Assessment Error Matrix – 2010 
User/ 
Reference 
Class 
Intact 
Thicket 
Transformed 
Thicket 
Degraded 
Thicket 
Bare 
ground 
Water 
bodies  
Total 
Intact 
Thicket 
1566321 159594 32945 0 18 1758878 
Transformed 
Thicket 
16626 2142122     609237 0 23 2768008 
Degraded 
Thicket 
0 0 1649602     396138 10 2045750 
Bare ground 0 0 0 840774          0 840774 
Water 
bodies 
0 62       176 6 36483 36727 
Total 1582947 2301778    2291960 1236918 36534  
       
Producer 0.989 0.931 0.719 0.679 0.998  
User 0.891 0.774 0.806 1 0.993  
       
Overall 
Accuracy 
0.898      
KIA 0.777      
       
 
 
 
 
